





UNIVERSIDADE ESTADUAL DE CAMPINAS 









PACU, PATINGA AND TAMBACU: PERCEPTION OF SAFETY, STUDY OF 
MICROBIOLOGICAL BEHAVIOR BY PREDICTIVE MODELING AND 
METAGENOMIC AND DEVELOPMENT OF A MIXTURE OF NATURAL 




PACU, PATINGA E TAMBACU: PERCEPÇÃO DE SEGURANÇA, ESTUDO DO 
COMPORTAMENTO MICROBIOLÓGICO POR MODELAGEM PREDITIVA E 
METAGENÔMICA E DESENVOLVIMENTO DE UMA MISTURA DE 










RAFAELA DE CARVALHO BAPTISTA 
 
 
PACU, PATINGA AND TAMBACU: PERCEPTION OF SAFETY, STUDY OF 
MICROBIOLOGICAL BEHAVIOR BY PREDICTIVE MODELING AND 
METAGENOMIC AND DEVELOPMENT OF A MIXTURE OF NATURAL 
ANTIMICROBIALS FOR THEIR PRESERVATION 
 
PACU, PATINGA E TAMBACU: PERCEPÇÃO DE SEGURANÇA, ESTUDO DO 
COMPORTAMENTO MICROBIOLÓGICO POR MODELAGEM PREDITIVA E 
METAGENÔMICA E DESENVOLVIMENTO DE UMA MISTURA DE 






















Tese apresentado à Faculdade de Engenharia 
de Alimentos da Universidade Estadual de 
Campinas como parte dos requisitos exigidos 
para a obtenção do título de Doutora em 
Ciência de Alimentos.  
ESTE EXEMPLAR CORRESPONDE À VERSÃO 
FINAL DA TESE DEFENDIDA PELA ALUNA 
RAFAELA DE CARVALHO BAPTISTA E 
ORIENTADA PELO PROF. DR. ANDERSON DE 
SOUZA SANT’ANA 
 
Thesis presented to the Food Engineering 
College of the University of Campinas in 
partial fulfillment of the requirements for the 
degree of Doctor in the area of Food Science. 
Agência(s) de fomento e nº(s) de processo(s): CAPES 
Ficha catalográfica
Universidade Estadual de Campinas
Biblioteca da Faculdade de Engenharia de Alimentos
Márcia Regina Garbelini Sevillano - CRB 8/3647
    
  Baptista, Rafaela de Carvalho, 1988-  
 B229p BapPacu, patinga e tambacu : percepção de segurança, estudo do
comportamento microbiológico por modelagem preditiva e metagenômica e
desenvolvimento de uma mistura de antimicrobianos naturais para sua
preservação / Rafaela de Carvalho Baptista. – Campinas, SP : [s.n.], 2018.
 
   
  BapOrientador: Anderson de Souza Sant'Ana.
  BapTese (doutorado) – Universidade Estadual de Campinas, Faculdade de
Engenharia de Alimentos.
 
    
  Bap1. Peixe - Brasil. 2. Segurança alimentar. 3. Microbiologia preditiva. 4.
Metagenômica. 5. Delineamento experimental. I. Sant'Ana, Anderson de
Souza. II. Universidade Estadual de Campinas. Faculdade de Engenharia de
Alimentos. III. Título.
 
Informações para Biblioteca Digital
Título em outro idioma: Pacu, patinga and tambacu : perception of safety, study of
microbiological behavior by predictive modelling and metagenomic and development of a







Área de concentração: Ciência de Alimentos
Titulação: Doutora em Ciência de Alimentos
Banca examinadora:
Anderson de Souza Sant'Ana [Orientador]
Alessandra Regina da Silva Marques
Héber Rodrigues Silva
Mari Silva Rodrigues de Oliveira
Maria Teresa de Alvarenga Freire
Data de defesa: 05-07-2018
Programa de Pós-Graduação: Ciência de Alimentos






Prof. Dr. Anderson de Souza Sant’Ana ( Presidente da Banca) 





Profa. Dra. Alessandra Regina da Silva Marques 





Prof. Dr.  Héber Rodrigues Silva 




Profa Dra  Mari Silva Rodrigues de Oliveira 





Profa. Dra.Maria Teresa de Alvarenga Freire 















A ata da defesa com as respectivas assinaturas dos membros encontra-se no processo de vida 






















Dedico este trabalho primeiramente à Deus por permitir a 
realização deste sonho. À minha mãe, Raimunda Marquês 
de Carvalho Baptista, pelo amor incondicional em todos 
os momentos. À espiritualidade amiga, por me fortalecer e 




Primeiramente gostaria de agradecer à Deus por todas as oportunidades que me 
foram concedidas, fazendo de mim quem eu sou hoje. 
À espiritualidade amiga por me guiar e iluminar ao longo de toda a trajetória, 
dando força para seguir em frente e não desanimar perante as dificuldades. 
À minha família, especialmente à minha mãe e meu pai, pelo amor incondicional, 
pelo apoio, por todo o esforço que fizeram para que eu tivesse uma boa educação e hoje 
pudesse estar onde cheguei. 
À Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) pela 
concessão da bolsa de doutorado, fato este que muito contribuiu para a viabilização desta tese. 
Ao meu orientador, Prof. Dr. Anderson de Souza Sant’Ana, que para minha 
alegria aceitou me orientar no 3ºano de doutorado, pelo apoio financeiro em situação 
econômica difícil, por contribuir para um aprimoramento no meu currículo, ao permitir que eu 
participasse de outros trabalhos. 
Ao Dr. Matheus Pavani, Dra Tatiane Melina Guerreiro e ao Dr Rodrigo Ramos 
Catharino  pela realização das análises de Cromatografia Gasosa (CG). 
Ao Dr. Rodrigo Elenilson G. Alves Filho, Dra. Sueli Rodrigues e Dr Edy S. de 
Brito pela realização das análises de Ressonância Magnética Nuclear (RMN). 
Ao Prof. Dr. Heber Rodrigues Silva pelo auxílio nas Análises dos Componentes 
Múltiplos (ACM) e Cluster. 
Ao prof. Dr. Gerson Bicca e Dra. Verônica Alvarenga por terem ajustado na 
equação do modelo dinâmico. 
Ao Prof Dr. Luca Simone Cocolin que, para minha imensa alegria, aceitou me co-
orientar no doutorado sanduíche realizado na Universidade de Turim-Itália, bem como pelo 
fornecimento da infra-estrutura e materiais necessários para o desenvolvimento da pesquisa. 
Ao Dr. Ilário Ferrocino pela orientação durante a realização das análises de DGGE, na 
discussão dos resultados, além do fornecimento do material didático para aprofundamento do 
meu conhecimento. Sou eternamente grata a todos os envolvidos, no Brasil e no exterior, pela 
experiência vivênciada no intercâmbio. 
Aos meus amigos da vida e amigos de trabalho, agradeço por todos os momentos 
compartihados, pelo apoio durante a jornada, a confiança, a amizade, os conselhos e por toda 




O capítulo 1 objetivou avaliar as práticas de segurança no manuseio do pescado e avaliar a 
percepção do consumidor quanto ao risco microbiológico. Em geral, os consumidores mostraram 
um baixo nível de percepção sobre a segurança do pescado e um inadequado controle da 
temperatura de conservação. Participantes baby boomers e com pós-graduação apresentaram 
correlações positivas quanto a percepção do risco microbiológico e práticas de segurança em 
comparação com os participantes jovens e aqueles que possuem até o ensino médio. O estudo 
sugere que a educação do consumidor sobre práticas de manuseio de pescado é um dos principais 
fatores para o sucesso da segurança alimentar do consumidor, evitando surtos de origem 
alimentar. O capítulo 2 teve como objetivo avaliar a microbiota envolvida na deterioração de 
pacu, patinga e tambacu e entender como eles podem afetar a qualidade dessas espécies. 
Mudanças na diversidade bacteriana destas três espécies de peixes, durante gelo ou congeladas, 
foram estudadas através de sequenciamento baseado no amplicon 16S rRNA. A microbiota do 
peixe brasileiro foi composta principalmente por Pseudomonas fragi, Brochothrix thermosphacta, 
Acinetobacter, Acinetobacter johnsonii, Bacillus, L. plantarum, Kocuria e Enterococcus. Kocuria, 
P. fragi, L. plantarum, Enterococcus e Acinetobacter correlacionaram-se positivamente com as 
vias metabólicas do metabolismo lipídico do éter. B. thermosphacta e P. fragi foram 
correlacionados com as vias metabólicas envolvidas no metabolismo de aminoácidos 
(metabolismo de arginina, alanina e prolina). O capítulo 3 teve como objetivo predizer o modelo 
de crescimento de Pseudomonas spp. e psicrotróficos em pacus refrigerado (Piaractus 
mesopotamicus), armazenados em diferentes temperaturas (0 a 10 ºC). A taxa de crescimento 
(μmáx) e o tempo de adaptação (λ) demonstraram influência significativa da temperatura (P < 
0,05) para ambos os micro-organismos. O modelo secundário de raiz quadrada descreveu o 
crescimento microbiano em função da temperatura, obtendo a função μ = 0,016 (T + 10,13) para 
Pseudomonas spp. e √μ = 0,017 (T + 9,91) para psicrotróficos, com R2 > 0,95 para ambos os 
microrganismos. A validação apresentou valores de viés e precisão entre 1,24-1,49 e 1,45-1,49, 
respectivamente. O Capítulo 4 teve como objetivo fornecer uma revisão sobre conservantes 
naturais estudados em matrizes de frutos do mar, suas formas de aplicação, concentrações 
usualmente empregadas, seus mecanismos de ação, fatores que interferem no seu uso e o efeito 
sinérgico das interações entre os conservantes naturais. O capítulo 5 teve como objetivo realizar 
um delineamento experimental com dezenove preservativos contra bactérias deterioradoras de 
pescado, a fim de selecionar uma mistura de aditivos potencialmente ativos como conservantes de 
pescado e otimizar sua concentração. O Delineamento de Plackett-Burman foi utilizado como 
método de triagem para as variáveis e o Delineamento Composto Central Rotacional foi utilizado 
como método de otimização. Desta forma, o estudo permitiu desenvolver e otimizar a composição 
de uma mistura a ser testada in vivo (aplicação de peixes), com capacidade de estender o prazo de 
validade. A mistura de conservante apresentou a seguinte composição: ácido acético (0,004%), 
ácido cafeico (0,007%), ácido tânico (0,75%) e ácido kójico (0,50%). 
 







Chapter 1 aimed to evaluate safety practices in fish handling and to evaluate the consumer's 
perception of microbiological risk. In general, consumers showed a low level of perception 
about seafood safety and inadequate temperature control of storage. Baby Boomers 
participants and the postgraduates presented positive correlations regarding the perception of 
microbiological risk and safety practices compared to young participants and those who have 
up to high school. The study suggests that consumer education on safety and seafood handling 
practices is one of the key factors for the success of consumer food safety by avoiding food-
borne outbreaks. The chapter 2 aimed to assess the microbiota involved in the spoilage of 
pacu, patinga and tambacu and in order to understand how they can affect the quality of these 
species. Changes in bacterial diversity of these three fish species, during ice or frozen, was 
studied through 16S rRNA amplicon based sequencing. The microbiota of the Brazilian fish 
was composed mainly by Pseudomonas fragi, Brochothrix thermosphacta, Acinetobacter, 
Acinetobacter johnsonii, Bacillus, Lactobacillus plantarum, Kocuria and Enterococcus. 
Kocuria, P. fragi, L. plantarum, Enterococcus and Acinetobacter were positively correlated 
with the metabolic pathways with the ether lipid metabolism. B. thermosphacta and P. fragi 
were related with metabolic pathways involved in aminoacid metabolism (arginine, alanine 
and proline metabolism). The chapter 3 aimed to predict the model of growth of Pseudomonas 
spp. and psychrotrophics in chilled pacu (Piaractus mesopotamicus), stored at different 
temperatures (0 to 10 ºC).  Growth rate (µmáx) and lag time (λ), demonstrated to be significant 
influence by temperature (P < 0.05) for both microorganisms. The square root secundary 
model described the microbial growth as a function of temperature, obtain the function √μ = 
0.016 (T + 10.13) for Pseudomonas spp. and √μ =0.017 (T + 9.91) for psychrotrophic, with 
R
2
 > 0.95 for both microorganisms. The validation presented values of bias and accuracy 
between 1.24-1.49 and 1.45-1.49, respectively. The Chapter 4 aimed to provide a review 
about  natural preservatives studied in seafood matrices, their forms of application, 
concentrations usually employed, their mechanisms of action, factors that interfere in their use 
and the synergistic effect of the interactions among the natural preservatives, with focus for 
maintenance of quality and ensure of seafood safety. The chapter 5 aimed to accomplish an 
experimental design with nineteen preservatives against seafood spoilage bacteria, in order to 
selecting of a mix of additivies potentially active as seafood preservatives and optimizing 
their concentration. Plackett-Burman design was used as a screening method for the variables 
and the Central Composite Rotatable Design was a optimization method. In this way, the 
study allowed to develop and optimize the composition of a mix to be tested in vivo (fish 
application), with capacity to extend shelf life. The preservative mix presented the following 
composition: acetic acid (0.004 %), caffeic acid (0.007 %), tannic acid (0.75 %) and kojic 
acid (0.50 %). 
 
Key words: Brazilian fish, food safety, predictive microbiology, metagenomics, experimental  
design.   
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1. INTRODUÇÃO GERAL 
 
O peixe é um alimento altamente perecível devido a fatores intrínsecos como: alta 
umidade e pH, alta quantidade de substâncias extrativas nitrogenadas, além de possuir alto 
teor de ácidos graxos insaturados, que participam da oxidação lipídica (Gonçalves and 
Hernandèz, 1998; Tanamati et al., 2009). Esses fatores contribuem para sua rápida 
deterioração por meio de alterações enzimáticas e microbiológicas, que se iniciam 
imediatamente após a captura e contribuem para uma redução na vida útil do produto. 
(Doulgeraki et al., 2010; Doyle et al., 2003). Assim, o controle dessas reações é importante 
para manter a qualidade e fornecer um produto seguro aos consumidores. Para controlar estas 
reações, três requisitos básicos devem ser cumpridos em toda a cadeia de produção: manter 
um alto padrão higiênico-sanitário, usando baixas temperaturas e evitando abusos de 
temperatura (Brasil, 2013; Medeiros et al., 2001). 
O pescado é considerado uma das principais categorias de alimentos associados a 
surtos de doenças transmitidas por alimentos. Os surtos associados ao consumo de pescado 
são atribuídos principalmente a práticas inadequadas de manipulação e a percepções errôneas 
de segurança. A contaminação de pescado pode ocorrer em qualquer estágio da cadeia de 
produção, desde a captura até o consumo, de modo que todos os elos da cadeia sejam 
responsáveis por garantir a qualidade e a segurança alimentar (Codex Alimentarius, 2013).  
No entanto, a dados da vigilância epidemiológica do Brasil afirma que 36.4% das doenças 
transmitidas por alimentos se originam no ambiente doméstico (Brasil, 2017), demonstrando 
que a maioria dos consumidores ignora as práticas de segurança no manuseio e preservação 
do produto (Brennan et al., 2007; Carbas et al., 2013). Assim, o capítulo 1 objetivou avaliar a 
frequência de consumo de pescado pela população brasileira, as práticas de segurança no 
manuseio e conservação do produto e avaliar a percepção do consumidor quanto ao risco 
microbiológico. 
O uso de baixa temperatura é o principal método de preservação de frutos do mar. 
A redução da temperatura contribui para reduzir a taxa de crescimento e a atividade 
metabólica de microrganismos que causam deterioração (Cakli et al., 2007). No entanto, o 
armazenamento refrigerado de frutos do mar (0 a 5 ºC) permite que uma flora psicotrófica se 
torne dominante. Essa fração dominante pode ser responsável pela produção de metabólitos 
indesejáveis, responsáveis por odores e sabores indesejáveis, denominados Organismos 
Específicos da deterioração (Gram et al., 1987; Gram and Huss, 1996). Portanto, o capítulo 2 
tem como objetivo estudar a dinâmica microbiológica populacional durante a vida útil de 3 
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peixes nativos do Brasil: (pacu, tambacu e patinga), de importância econômica para o país, a 
fim de compreender como a deterioração da microbiota afeta a qualidade e segurança do o 
peixe, estabelecendo o papel das principais espécies na deterioração. 
Os principais desafios da indústria da pesca são o controle da temperatura ao 
longo da cadeia de produção, desde o peixe até o consumidor final, cuja temperatura não deve 
exceder 5 °C (Hazelwood and McLean, 1998). lutuações de temperatura na cadeia de frio 
podem fornecer condições para o crescimento de bactérias psicotróficas, especialmente o 
gênero Pseudomonas spp., Que é a principal deterioração dos frutos do mar armazenados sob 
refrigeração e aerobiose (Koutsoumanis et al., 2006). Assim, quanto maior a temperatura e o 
tempo de exposição do peixe, maiores as taxas de crescimento microbiológico e, 
consequentemente, menor o prazo de validade e a segurança do produto. No Brasil, o 
monitoramento da temperatura na indústria de pescados é especialmente importante para o 
controle de carga microbiológica devido à alta temperatura média do país. Portanto, o 
Capítulo 3 visa modelar o crescimento de Pseudomonas spp. e bactérias psicrotróficas em um 
peixe brasileiro de importância econômica, o pacu (Piaractus mesopotamicus), durante o 
armazenamento em temperaturas dinâmicas.   
Embora a cadeia de frio seja um dos principais parâmetros que afetam as reações 
enzimáticas e microbiológicas, o uso do frio atua como método bacteriostático, não sendo 
capaz de inibir completamente as reações que ocorrem na matriz do pescado. Assim, a vida 
útil de frutos do mar refrigerados é curta, apenas algumas semanas. Para estender o prazo de 
validade e inibir o crescimento de patógenos veiculados por alimentos, métodos adicionais 
têm sido extensivamente estudados (Ashie et al., 1996; Smid e Gorris, 1999), uma ampla 
gama de conservantes naturais tem sido estudada por sua atividade antimicrobiana e 
antioxidante. , garantindo qualidade e segurança como: óleos essenciais, extratos vegetais, 
bacteriocinas, bactérias lácticas, quitosana e ácidos orgânicos, por isso, o objetivo do capítulo 
4 é revisar os conservantes naturais em estudo em frutos do mar, sua ação antioxidante e 
antimicrobiana, fatores que interferem na sua eficácia, formas de aplicação e no estudo 
sinérgico com outros aditivos ou técnicas de conservação. 
Uma ampla gama de conservantes foi avaliada por sua capacidade de controlar a 
carga microbiológica dos alimentos, garantindo a segurança e a vida útil do peixe armazenado 
sob refrigeração ou gelo. A ação conjunta de diferentes conservantes pode atuar como uma 
barreira adicional ao controle microbiológico, aumentando o efeito individual de cada 
variável. Um método clássico para rastrear um grande número de variáveis em combinação é 
o uso do delineamento de Plackett-Burman. É o método mais importante para identificação de 
15 
 
variáveis com efeito significativo sobre a resposta (Ren et al., 2008). Posteriormente, os 
parâmetros selecionados podem ser otimizados pelo Projeto Rotativo Composto Central, uma 
ferramenta eficaz para determinar os níveis ótimos das variáveis estudadas (Sefa-Dedeh et al., 
2003). Assim, o Capítulo 5 visa desenvolver uma mistura conservante capaz de inibir um 
conjunto de cepas de deterioração de peixes (Pseudomonas aeruginosa, Pseudomonas 






O presente trabalho apresentou os seguintes objetivos: 
 
- Avaliar os consumidores de pescado brasileiro nos seguintes critérios: os hábitos de 
consumo, as práticas higiênico-sanitáricas e de conservação do pescado e avaliar a percepção 
do consumidor quanto ao risco microbiológico; 
- Avaliar a flora microbiológica envolvida na deterioração de filés de pacu, patinga e 
tambacu, durante o armazenamento em gelo e congelado; 
- Predizer o modelo de crescimento de Pseudomonas spp. e bactérias psicrotróficas em filés 
de pacu (Piaractus mesopotamicus) refrigerado, sob condições dinâmicas de temperatura (0 a 
10 ºC); 
- Selecionar um mix de conservantes naturais potencialmente ativos contra cepas 
deterioradoras de pescado e otimizar sua concentração; 
- Realizar uma revisão da literatura sobre o uso de conservantes naturais em pescados, 
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Abstract 
Seafood is source of proteins of biological value high and unsaturated fatty acids, being its 
consumption recommended by the World Health Organization. However, seafood is 
considered one of the food categories associated with food borne disease. Food-borne 
outbreaks linked with seafood consumption are mainly attributed to inappropriate handling 
practices and misjudged safety perceptions. Thus, the present work aimed to evaluate the 
frequency of seafood consumption by Brazilian population, the safety practices in the 
handling and conservation of the product, and to evaluate the consumser’s perception of the 
microbiological risk. Therefore, 962 Brazilian participants responded a survey composed by 
26 questions, divided into three parts: demographic and socio-economic profiles; consumption 
habits; safety practices and risk perceptions. Multiple Correspondence Analysis was 
performed to group the consumers according to their profiles. The majority of the participants 
(89-90 %) demonstrated to have knowledge about hygiene basic procedures, reporting that 
they wash hands with soap and sanitize utensils. Additionally, prepare meals immediately 
after defrosting and keeping raw foods separated from of ready-to-eat. However, it was not 
possible to infer whether such practices are really applied in the domestic environment and 
whether consumers understand their importance. Additionally, the survey revealed a low level 
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of perceptions about seafood safety. A total of 64 to 71 % of the participants demonstrated 
lack of knowledge of the main pathogens related to seafood disease outbreaks, and they also 
presented difficulties to identify consumption places that could result in higher 
microbiological risk. The consumers showed also be unaware their responsible for ensuring 
seafood safety. Baby boomers and post graduate  presented positive correlations with the 
perception of microbiological risk in comparison with younger and with up high school 
participants. Moreover, baby boomers and post graduate consumers were positively correlated 
with adequate defrosting of seafood. The knowledge is an adequate tool for perception and 
judgment of microbiological risk, leading the consumer to action and adoption of safe 
practices. The education of seafood consumer about their safe, their handling, practices and 
perceptions is a main tool to prevent food-borne outbreaks.   
 






Seafood consumption is recommended for contributing to a healthy diet, being 
source of proteins of high biological value, unsaturated fatty acids, vitamins (A and D) and 
minerals, such as calcium and phosphorus (Sidhu, 2003). Moreover, the consumption of 
seafood is associated with a low risk of coronary heart disease (He et al., 2004; Whelton et al., 
2004). Despite those benefits, seafood may contain pathogenic micro-organisms, naturally 
present in the matrix or from contamination during or after processing. Their proliferation in 
the seafood matrix can be responsible for diseases associated with the consumption of the 
product, reflecting in food-borne outbreaks. According to Mead et al. (1999), the proliferation 
of micro-organisms in food is responsible for causing about 36 % of diseases in industrialized 
countries, which may affect the consumer and also the country's economy, due the costs of to 
government for treatment of the disease (Hussain and Dawson, 2013; Sofos, 2008).   
In Brazil, it is difficult to obtain statistical information on outbreaks of seafood-
borne, since most cases are not reported. However, according to the epidemiological 
surveillance of the Brazil (Brasil, 2017), between 2000 and 2017, only 12,503 outbreaks were 
reported. 46.82% of the outbreak, the epidemiological surveillance unaware the food that 
caused the disease, while 19.44% come from mixed and multiple foods. Seafood is one of the 
commodity that can be associated with food-borne outbreaks (Barrett et al., 2017), their 
microbiological contamination can occur at any stage of the production chain, from capture to 
consumption. In this way, it is assumed that consumers are also responsible for seafood 
safety.   
However, the epidemiological surveillance highlights that 36.4 % of food-borne 
illnesses originate in the domestic environment (Brasil, 2017), which denotes that the 
consumers present low perception of their responsibility. Among the risk factors reported by 
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Epidemiological Surveillance, the ingestion of raw or undercooked foods and inadequate 
hygiene practices highlighted as the most relevant (Patil et al., 2004).  
In a study carried out by Jevnik et al. (2013) with a group of elderly people from 
Slovenia, the authors report the following factors as critical to food safety: the use of 
inadequate storage temperatures and the lack of hygiene of surfaces and utensils, this last 
factor stood out as the main source of pathogenic and non-pathogenic microorganisms. While 
Carbas et al. (2013) identified that consumers were not aware of foodborne diseases and 
microbiological agents responsible for them.  
Medeiros, Hillers, Kendall, & Mason (2001) affirm that 4 are the pillars of food 
safety: a) basic hygiene procedures; b) avoid cross-contamination; c) adequate temperature 
control x time and d) avoid consuming food from unsafe sources. In this way, several studies 
aimed to evaluate the knowledge of food handlers (consumers, food services and food 
industries) about the handling practices and perceptions of safety (Brennan et al., 2007; 
Carbas et al., 2013; Jevnik et al., 2013; McCarthy et al., 2005; Zhang, Bai, Lohmar, & Huang, 
2010).  
In this paper, we aimed to evaluate the consumption habits, safety practices and 
risk perceptions of Brazilian seafood consumers, identifying the behavior of the Brazilian 






A total of 1018 participants spontaneously answered a questionnaire applied via 
social networks (Gmail and Facebook). The consumers who passed the inclusion criteria (to 
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consume seafood) took part in the study. They are finally 962, being 34.72 % men and 65.28 
% women, which an average age of 18-35 years old. Participants details can be found at the 
section 1 of the Figure 1. 
 
2.2. Questionnaire design and procedure 
 
The questionnaire was sent electronically by Brazilian social networks during the 
year of 2016, using Google Doc’s. Firstly, all the participants were asked to read and sign 
the Free and Clarified Consent Term (FCCT), respecting the guidelines of the law on ethics in 
research with human beings. The FCCT was previously approved by Research Ethics 
Committee of the University of Campinas (number of CAAE: 47872215.5.0000.5404).   Once 
this first stage was completed, the study began and they were invited to respond  26 closed 
questions, divided into three parts (Table 1): the first part included 7 questions about the 
consumer profile, involving questions about demographic and socio-economic characteristics; 
the second part consists of 7 questions relating to seafood consumer habits, such as frequency, 
type of preparation, consumption place, buying local; and the third part, containing  12 
questions and about consuming seafood safety practices and their perception of the risks 
associated with seafood consumption. 
 
2.3. Data analyses 
 
In order to establish the relation between the socioeconomic profile of the 
respondents and their (1) consumption habits and (2) safety practices and perceptions, we 
applied a Multiple Correspondence Analysis (MCA) to the two disjunctive tables (matrix with 
respondents as rows and categories of variables as columns). According to Panagiotakos and 
Pitsavos (2004), who have used this technique analyze epidemiological data, MCA is an 
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exploratory technique with a primary purpose to produce a simplified (low-dimensional) 
representation of the information in a large frequency table (or tables with similar measures of 
correspondence). The association between the variables is based on the calculation of the 
coordinates, the cosine and the contributions of variables. These associations are plotted on a 
two-dimensional map (F1 and F2) and the results are analyzed by observation of the distance 
and/or the proximity among the categories. The data collection was treated statistically by 
XLSTAT™ software (Version 2016). 
 
3. Results  
 
The results section is organized according to: (i) the construction of a diagram of 
answers of the interview - diagram was divided into 3 sections: the socio-demographic 
profile, the habits of consumption and the perceptions of safety practices (Figure 1) - and (ii) 
the MCA graphic (Figure 2 and 3).  
According the diagram of responses, 57.38 % of the participants affirm have a 
monthly seafood consumption, that is, they consume at least once a month. The majority of 
participants declared to realize an hygienic handling of their contact with seafood: 89.19 % of 
consumers affirm to wash their hands with soap and  91.68 % of the participants separate  the 
utensils used to prepare raw seafood from those used in ready-to-eat foods, or affirm to 
sanitize these utensils, demonstrate to attend the basic requirements of hygiene. Positively, 
91.06 % declare to separate raw foods from ready-to-eat foods, a procedure that avoids the 
transfer of microorganisms from one food to another, either by direct or indirect contact with 
utensils, surfaces and equipment. Additionaly, 89.92 % declare to prepare the food 
immediately after thawing.  
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Table 1. Survey guide. 
Part I - Socio-Economic  Profile 
1. State of birth 
2. Gender 
3. Civil status 
4. Age 
5. Education 
6. Family income 
7. Are there children in the family?  
Part II - Habits of consumption 
1. Frequency of consumption 
2. Seafood cooking point 
3. Place of consumption 
4. Place of purchase 
5. Forms of acquisition 
6. How long do you keep the package closed after purchasing? 
7. How long does the open seafood package remains stored? 
Part III - Food Safety 
1.Time spent between place of purchase and residence 
2. Container for transport 
3. Thawing forms 
4. Cross contamination between raw from ready-to-eat foods 
5. Hygiene of utensils 
6.Way to wash the hands 
7. Consumption place of raw fish which pose a health risk 
8. Probability of getting sick by consumption of raw seafood 
9. Have you ever hear about Vibrio spp. as seafood borne pathogen? 
10. Have you ever hear about Listeria spp.as seafood borne pathogen? 
11. Have you ever hear about Salmonella spp.as seafood borne pathogen? 





However, in relation to seafood conservation, some negative practices were 
observed for the binomial time x temperature. In the present study, the respondents 
demonstrated that they did not know the measures necessary for an adequate thawing of the 
seafood, 40 % of the participants thawed the the seafood at room temperature and 25.95 % 
use the water for thawing. Additionally, 43.45 % of respondents affirmed to consume the raw 
and undercooked seafood.  
Regarding safety perceptions, the participants showed a low level of knowledge 
about the risks associated with seafood consumption, with 68.71 % and 70.99  % of the 
participants, respectively, reporting that they have never heard speak of Vibrio spp. and 
Listeria spp. as pathogens in seafood. Additionally, 40.20 % of respondents believe that the 
probable of fall unwell when consuming raw seafood is low. Regarding responsibility for 
seafood safety, more than 50 % of the participants demonstrate that they are not aware of all 
their respon sible for seafood safety. 
 
3.1. Multiple Correspondence Analysis 
 
Figure 2 represents the first two dimensions of the MCA for socioeconomic and 
demographic profile and consumption habits, which explain 55.78 % of the total variance.   
The first dimension (D1) shows two consumer profiles. The right side of the 
graphic is composed by participants who consume seafood at residence and the cooking point 
of the seafood is well cooked. This group consists of participants of the North region, 
belonging to generation X. In contrast, the left side of the graphic corresponds to participants 
who consume seafood mainly at restaurant and the seafood is consumed raw/well or 
undercooked.  The second group is composed by participants of the Southeast region and 




        State of birth 
 
North region = 96 (10 %) Northeast region = 186 (19.33 %) Southeast region = 492 (51.14 %) 
 
   
South region = 149 (15.50 %) Midwest region = 39 (4.05 %) 
 
         Gender 
 
Male = 334 (34.72 %) Female = 628 (65.28 %) 
 
         Civil status 
 
Single = 678 (70.47 %) Married = 284 (29.52 %) 
 




Generation X (born between 1965 - 1979) = 
246 (25.57 %) 
Generation Y (born between 1980 - 
1994) = 493 (51.25 %) 
Generation Z (born between 1995 
- 2018) = 145 (15.07 %) 
 
  
Baby Boomers (born between 1945 - 1964) = 78 (8.10 %) 
  
         Education 
 
Up High school = 196 (20.37 %) College education = 393 (40.85 %) Postgraduate = 373 (38.77%) 




Low income = 96 (9.98 %) Middle class = 502 (52.18 %) High income = 364 (37.84%) 
       
 
Children in the family 
 
With children in the family = 234 (24.32 %) 






Weekly consumption = 300 (31.18 %) Monthly consumption = 552 (57.38 %) Casual consumption = 110 (11.43 %) 
  
Seafood cooking point 
 
Seafood - Well cooked  = 544 (56.55 %) 
Seafood-well/under cooked or raw = 418 (43.45 %) 
  
       
  
Place of consumption 
 
Consumption at home and restaurant = 302  
(43.32 %) 
Consumption at restaurant = 224 (23.28 %) 
Consumption at home= 436 
(31.39 %) 
       
  
Place of purchase 
 
Purchase at fair/fish farmer = 187 (19.44 %) Purchase at several places = 389 (40.43 %) 
Purchase at supermarket = 
386 (40.12 %) 
       
  
Forms of acquisition 
 
Buying Fresh = 128 (13.20 %) Buying Refrigerated = 227 (25.60 %) 
Buying in several forms = 
286 (29.73 %) 
 
   
Buying  Fresh and refrigerated = 321 (33.47 %) 
  
  
For how long do you 
keep the package closed 
after purchasing?  
Immediate consumption = 95 (9.87 %) Up to 1 week closed = 598 (62.16 %) 
1 month or more closed = 
269 (27.96 %) 
       
  
How long does the open 
package remains stored? 
   
No leftovers left open = 563 (58.52 %) 
 
 
Up to 1 week open = 233 (24.22 %) 1 month or more open = 166 (17.25 %) 













































Seafood transport time 
 
Fast transport (< 30 min) = 556 (57.80 %) 
Medium transport (30 min to 1 hour) = 278 
(28.90 %) 
  
   
Long transport (> 1 hour) = 128 (13.30 %) 
 
  Container for transport 
 




Thawing under water = 252 (26.92 %) Thawing under refrigeration 
/ microwave = 307 (32.43 %) 
     




Cross contamination between raw 
and ready-to-eat foods  
Raw food and ready-to-eat separated = 876 
(91.06 %) 
Raw food and ready-to-eat mixed = 
 86 (8.94 %) 
  Hygiene of utensils 
 
Hygienizes utensils = 882 (91.68%) Do not Hygienizes utensils = 80 (8.32 %) 
  Way to sanitize hands 
 
Wash hands with soap = 858 (89.19 %) Wash hands with water = 104 (10.81 %) 
  
Consumption place of raw fish -
health risk  
Risk of contamination at restaurant/home = 84 
(8.73 %) 
Risk of contamination on the street = 624 
(64.86 %) 
   
Risk of contamination in all environments = 254 (26.40 %) 
 
Probability of fall unwell by 
consumption of raw seafood  
Improbable to fall unwell = 406 (42.20 %) 
Moderately probable to fall unwell = 372 
(38.77 %) 
   
Very probable to fall unwell = 184 (19.13 %) 
 
Vibrio as seafood borne disease 
 
Already heard of Vibrio as contamination = 301 
(31.29 %) 
Never heard of Vibrio as contamination = 
661(68.71 %) 
Listeria as seafood borne disease 
 
Already heard of Listeria as contamination = 
279 (29 %) 
Never heard of Listeria as contamination = 
683 (71 %) 
Salmonella as seafood borne disease 
 
Already heard of Salmonella as contamination = 
681 (70.79 %) 
Never heard of Salmonella as contamination 
= 281 (29.21 %) 
Responsibility for safety 
  
Safety is the responsibility of all = 465 (48.34%) 
Safety is the responsibility of producer and 




Safety is the responsibility of producer, 
trader and government = 155 (16.11 %) 
Safety is the responsibility of producer, trader 
and consumed = 180 (18.71 %) 


















belong to generation Y. The second dimension (D2) (top of the graphic) is composed by 
participants of the south Regions of Brazil and baby boomers. This group consists of 
participants that consume raw or well cooked or undercooked seafood. After preparation of a 
portion of the seafood, the leftovers not consumed may be stored for a month or more under 
freezing. In contrast, the bottom of the graphic is composed of participants of the Northeast 
regions, belong to generation Z. On the second group, the seafood is preferentially consumed 
well cooked and leftovers of unused seafood are stored for up to a week in the freezer. 
Figure 3 represents the first two dimensions of the MCA for safety perceptions 
and handling practices and the socioeconomic and demographic profile, with an explanation 
of 56.08 % of the total variance. At the first dimension (D1), the right side is characterized by 
consumers that performed the thawing of seafood under refrigeration or microwave; they 
declared that the responsibility for seafood safety belongs to all involved; they also believe 
that the probability of fall unwell when consuming raw seafood ranges from moderate to high 
and they believe that the possibility of fall unwell can occur in all the environment, such as: 
when consuming street foods, at home or at the restaurant. This group is composed mainly by 
post graduate and the baby boomer generation. In opposition, the left side is composed by 
participants that performed the thawing with water; they declared that the responsibility for 
food safety belongs to the producer, trader and / or consumer; they have declared that is 
improbable to fall unwell by eating raw seafood and the most probable place to fall unwell 
when consuming raw seafood occurs when consuming the street foods. This group is 
composed by generation Z and participants who present until high school. The second 
dimension (D2) (top of the graphic) is composed by participants of generation Y. This group 
consists of participants that do not use hermetic container for the transport of seafood between 
the place of purchase and residence; they also believe that the probability of falling unwell, 
when consuming raw fish, is moderate. In contrast, the bottom of the graphic is composed by 
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participants of generation X. In this group, the participants used a container to transport the 
seafood between the place of purchase and the residence and consider high the probability of 





4.1. Evaluation of consumption habits 
 
The majority of the participants demonstrated a low frequency of seafood 
consumption, being lower than the recommended by the Food Agriculture and 
Organization/World Health Organization (2011), which suggests consumption 1 to 2 times 
per week, in order to contribute to a health diet, since seafood is source of protein with high 
biological value and high content of polyunsaturated fatty acids. 
Despite the low frequency of consumption, data from the Ministry of Agriculture 
show that seafood consumption in Brazil is 14.4 kg per capita/year, overcoming that 
recommended by FAO/WHO (2011) which recommended 12 kg per capita /year. However, 
IBGE (2016) data show the disparity in consumption according to the different regions of 
Brazil. The North Region stands out due to the higher consumption of seafood (38.1 
kg/inhabitants/year), followed by the Northeast (14.6  kg/inhabitant/ year), while the 
Southeast, South and Center-West Regions have consumptions of less than 6 
kg/inhabitants/year. 
Similarly, data from the present study reveal that consumers with a higher 
frequency seafood consumption (weekly) are from the North Region (51.95 %), followed by 
the Northeast region (35.33 %), being in accordance with IBGE (2016) data. The high 
consumption observed in these regions is attributed to facility of access to the seafood. 
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Additionally, the North Region is characterized by the high production of fish, contributing to 
a better price, a better quality, combined with the consumption habit of the population. The 
Southeast region, which represents 56.51 % of the participants in the survey, presented low 
seafood consumption (71.46 %), which is according to data from the IBGE (2016). 
Analyzing Figure 2, the dimensions D1 and D2 of the MCA chart demonstrate 
that the Northeast and North regions affirm that the leftovers not consumed are stored under 
freezing for up one week, which may be associated with a higher frequency of preparation of 
the product. In opposition, South region store the leftovers of seafood not consumed for one 
month or more, being associated to a low frequency of preparation (Figure 3), probably due to 
the preference of the consumer of the South region for other protein sources, such as the 
cattle, poultry and swine (Lopes et al., 2016).   
The Southeast region was positively related to the consumption of raw or 
undercooked seafood, which should be associated with a recent trend in Brazil for 
consumption of oriental preparations, such as sushi and sashimi. Japanese food restaurants are 
popular in Brazil, especially in the state of São Paulo (Southeast Region) (Paiva et al., 2016). 
This fact may also be contributed to the Southeast region stands out by the consumption of 
seafood in restaurants, probabily because raw fish rarely are prepared in the residence. In 
opposition, the North region was characterized by performed its meals mainly in the residence 
and by the consumption of well cooked fish, which contributes to the domestic economy and, 
consequently, the greater frequency of seafood consumption.   
The results also demonstrated that the Generation Z and Baby boomers, located on 
the  North and Northeast regions, were  associated with higher frequency of seafood 
consumption; while Y and X generation, located on the Southeast and South regions, were  
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Figure 3. First two dimensions of the Multiple Correspondence Analyses (MCA) for safety perceptions and handling practices and sociodemagriphic characteristics of 
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4.2. Evaluation of the Practice and Perception of Safety 
 
Seafood is a highly perishable food, therefore, it requires good conservation and 
handling practices to guarantee its safety and quality. In the present study, we observed that 
most of the participants are familiar with hygiene basic procedures and present attitudes that 
avoid cross-contamination. However, we can not affirm if such practices are applied in the 
domestic environment. Webb & Morancie (2015) report that 80 % of food service employees 
are familiarized with the correct procedures for sanitizing, cleaning and disinfecting, as well 
as the time and temperature of each process, but rarely realize such procedures. The authors 
also report that 80 % of employee ignore the importance of accomplish it. 
Moreover, in the present study, the respondents demonstrated that they did not 
know the measures necessary for an adequate thawing of the seafood, with 40% realizing the 
procedure at room temperature and 25.95% use the water for thawing. Thus, the respondents 
demonstrate no identify the ambient temperature as a factor for microbial multiplication.  
The high temperatures can contribute to the growth of foodborne pathogens, with 
optimal growth temperatures range between 25 and 40 ºC, however, they start their activity at 
minimum growing temperatures, around 5 ºC (Hazelwood and McLean, 1998; Lereder, 1991). 
Generically, foods should be kept at temperatures below 5 °C or above 65 °C, in order to 
inhibit microbial growth or inactivate the enzymes, respectively (Hazelwood and McLean, 
1998).  
Regarding the form of consumption of seafood, 43.45 % of respondents claiming to 
consume the seafood raw or undercooked. Seafood may contain pathogenic micro-organisms 
naturally present in the matrix or from contamination during or after processing. The 
consumption of raw/undercooked seafood is a factor that contribute substantially to food-
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borne outbreaks, including in developed countries (i.e. Europe, North America and Australia) 
(Patil et al., 20043).  
Regarding safety perceptions, the participants showed a low level of knowledge 
about the risks associated with seafood consumption. In the present study, 68.71 % and 70.99  
% of the participants, respectively, reporting that they have never heard speak of Vibrio spp. 
and Listeria spp. as pathogens in seafood. Greig & Ravel, (2009) compiled the food-borne 
outbreaks in various parts of the world (i.e. USA, European Union, Australia, New Zealand, 
Canada and other countries) between 1998 and 2007. The authors reported the occurrence of 
4,093 outbreaks, and the seafood was classified in category 7. The main pathogens associated 
with this commodite were Vibrio spp. (90.7 %), Clostridium botulinum (25 %), Salmonella 
spp. (11.6 %) e Listeria monocytogenes (11.3 %), which present potential risks to human 
health (Embarek, 1994; Su and Liu, 2007). V. parahaemolyticus produces a enterotoxin that 
causes acute gastroenteritis and may also cause septicemia (Su & Liu, 2007). L. 
monocytogenes is the causative agent of listeriosis, wich implicated in meningitis, septicemia 
and leads to death in 25 to 30% of reported cases (Duffes, Corre, Leroi, Dousset, & Boyaval, 
1999; Schlech, 2000). Raw and undercooked fish may also contain the parasite 
Diphyllobothrium and relatives (Scholz and Kuchta, 2016).  
Regarding responsibility for seafood safety, more than 50% of the participants 
demonstrate that they are not aware about their responsibility for seafood safety, believing 
that responsibility belongs to other people in the productive chain, but not to them. There are 
many sectors of the seafood production chain that are directly involved in quality assurance: 
producers, traders, distributors, consumers, restaurants, street food vendors and public 
inspection, each one within its limits of operation, are fundamental for guarantee of safety.  
According to the Codex Alimentarius (2013), all persons involved in food 
handling should be aware of their role to ensure food safety and they should have the 
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knowledge needed to assess the microbiologic risk and to making decision, in order that the 
food not incur in food-borne outbreaks.  Sanitary hygienic practices are mandatory procedures 
among food handlers in order to ensure a high quality product and microbiological safety, 
these principles must be attended by all the participants of the production chain (Osimani et 
al., 2014).  
Similarly to the results of the present study, Erdem et al. (2012) reported that only 
10 % of the food handlers of meat and poultry production chain believe that the responsibility 
for food safety belonged to everyone involved. On the contrary, a study carried out by 
Krystallis et al. (2007), food safety experts (expert participants came from universities, 
research institutes, regulatory bodies, consumer organizations and the food industry) 
demonstrated.a common opinion, believe that responsibility should be the task of all those 
involved, most notably to be attributed to the state and producers.  
In relation to MCA analysis, the component F1 showed that the safety perception 
in seafood was directly influenced by the generation and the degree of schooling. Young 
participants (up to age 23 yo) and who present until the high school showed a low perception 
of food safety and also did not respect the defrost temperature; while older people (54-73 yo) 
and participants with post graduate degree were correlated with the highest number of correct 
answers about food safety and safety perceptions. 
Different results have been observed in the literature. Yu et al. (2018) and 
Tomaszewska et al. (2018) reported that young participants from US and Thailand 
demonstrate better knowledge regarding risk perception and hygiene practices when 
compared to Generation X and Baby Boomers. Both authors justify that the knowledge 
acquired by the young generations due to the greater access to ineternet. In addition, 
Tomaszewska et al. (2018) also showed that the older generation in Poland (over 60) stood 
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out for the higher rate of positive responses on food safety and safety perceptions when 
compared to the other generations.  
On the other hand, younger and older consumers have also been associated with 
low food safety knowledge compared to the other generations. Abbot et al. (2009) and  Leal et 
al. (2017) showed that young adults were not careful about the risks of cross-contamination 
and did not respect the temperature control during the food defrosting. Similarly, Leal et al. 
(2017) reported that older consumers born during or after World War II also not respect the 
care with food cross-contamination, did not observe the product's expiration date and present 
lacked hygienic care during food preparation. Probably, food safety knowledge must be 
influenced by the cultural habits of each country     
In the present study, we observed that the older generation (baby boomers and X) 
presented a greater knowledge of food safety and risk perceptions when compared toY and Z 
generations. Probably, due the inauguration of first course in domestic economy, in the 
beginning of the industrialization of Brazil (1909). However, the course only strengthened in 
the 30s and 40s, being extended to high school, middle and college education series. The 
course was focused for women education. Among the disciplines taught, students learned 
about hygiene, conservation and preparation of food (Junior, 2013). In the early 1970s, with 
economic change in the country and feminist movements, the course lost its popularity and 
began to weaken. 
According  to Tomaszewska et al. (2018) and  Yu et al. (2018), the main way to 
obtain information by the younger generation (Generation Y and Z) is through the internet. In 
the present study, the observation of inadequate safety practices in younger participants may 
be related to the lack of interest in the subject. Although this group of consumers access the 
Internet, they will only search for information that is convenient for their. In addition, we can 
cite the absence of home economics teaching in schools and the convenience of modern life, 
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characterized by the consumption of ready-to-eat foods or meals outside the home, which has 
contributed to the lack of familiarity with some food safety issues.  
In relation to the educational level of the consumer, several authors have also 
shown a positive correlation between knowledge level and practical attitudes of food safety 
(Cuprasitrut et al., 2011; Kunadu, Angela et al., 2016; Roberts et al., 2008), demonstrating 
that knowledge on food safety increases with consumer education. There is a consensus 
among the authors that food handlers, when adequately instructed in food safety, have a 
greater understanding of microbiological hazards and are able to correctly answer questions 
about safe handling of food and conservation practices.  
Lupo, Wilmart, Van Huffel, Dal Pozzo, & Saegerman (2016) demonstrated that 
food safety authorities (i.e. food safety, animal health, plant health, public health and 
environment) demonstrated to be a homogeneous group of opinions regarding safety practices 
and perceptions. In addition, respondents adopted measures to minimize the risk of food 
safety. 
A practical attitude is based on perception of risk. When the perception of risk and 
the judgment of gravity are considered relevant, they will help the consumer to act (Slovic, 
1987). The perception of risk is mainly correlate with personal experiences and / or popular 
beliefs, people rarely based on scientific data (Slovic, 1987). In this way, people tend to judge 
the severity of the risk based on the frequency which the disease occurs, believing that 
diseases of high occurrence also presents a high severity. Thus, diseases that actually cause 
severe damage to health, become are underestimated (Frewer et al., 1994).   
Therefore, the knowledge is the main tool able of aim the consumer to properly 
perceive and judge the risk (Baş et al., 2006). In this sense, there is a need for an educational 
program for younger people and with a low education degree about the risks associated with 
seafood consumption and the appropriate practices for their manipulation. Consumer 
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education is the key element in ensuring adequate risk perception and judgment, contributing 




The present study indicated that 68% of the participants showed a low seafood 
consumption, especially the participants of the South, Southeast and Midwest of the Brazil, 
being lower that recommended by FAO/WHO (1-2 times per week). The study also showed 
that the participants are familiar with basic hygiene procedures and to avoid the cross-
contamination between foods. However, the respondents showed a low perception of 
microbiological risk and inadequate temperature control. Participants of the Z and Y 
generation and who present until the high school showed a low perception of food safety and 
also did not respect the defrost temperature. This fact reflects the need for an educational 
program oriented to these groups of participants, in order to contribute to the dissemination of 
information about food safety and microbiological risk, ensuring that the food does not incur 
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The study aimed to assess the microbiota involved in the spoilage of pacu, patinga and 
tambacu and in order to understand how they can affect the quality of these species. Changes 
in bacterial diversity of these three fish species, during ice or frozen, was studied through 16S 
rRNA amplicon based sequencing. The development of volatile organic compounds (VOCs) 
as well as the production of microbial metabolites assessed by nuclear magnetic resonance 
(NMR) were also investigated. The microbiota of the Brazilian fish was composed mainly by 
Pseudomonas fragi, Brochothrix thermosphacta, Acinetobacter, Acinetobacter johnsonii, 
Bacillus, Lactobacillus plantarum, Kocuria and Enterococcus. No significant differences 
were observed between psychotrophic species on fish (P < 0.05). The results showed the 
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presence of methane, propanoate, butanoate, sulfur compounds, arginine and proline in higher 
amounts in frozen stored samples compared to ice stored samples. Kocuria, P. fragi, L. 
plantarum, Enterococcus and Acinetobacter were positively correlated with the metabolic 
pathways with the ether lipid metabolism. B. thermosphacta and P. fragi were related with 
metabolic pathways involved in aminoacid metabolism (arginine, alanine and proline 
metabolism). P. fragi was the most prevalent spoilage bacteria in both conditions followed by 
B. thermosphacta, which can contribute to determine the final characteristics of the products. 
Moreover, strains of Bacillus spp. identified in fish samples were positively correlated with 
the production of off-flavour studied (1-hexanol, nonanal, octenol and 2-ethyl-1-hexanol).  
1
H 
NMR analysis showed that amino acids, acetic acid, ATP degradation products increased over 
storage, suggesting their potential chemical spoilage index markers of pacu fillets. 
 









Among the Brazilian native fish species, the ‘’round’’ fish (called ‘‘round’’ due 
the rhomboidal body shape): pacu (Piaractus mesopotamics), patinga (female Piaractus 
mesopotamics x male Piaractus brachypomus) and tambacu (female Colossoma macropomum 
x male Piaractus mesopotamics) have been considered of the expressive economic 
importance in Brazilian fish farming (Borges et al., 2013; Dairiki et al., 2010). These species 
present a fast growing, adapt easily to artificial feed and are well accepted by the consumer, 
becoming of great interest by fish farmers (Borges et al., 2013). 
However, only four studies were related to fish quality as food for human 
consumption, aimed to study the shelf life of pacu and tambacu (Borges et al., 2014a, 2014b, 
2013; Bottino et al., 2017). The majority studies carried out in Brazilian round fish aimed at 
optimizing feeding, treatment and resistance to diseases, evaluation of the factors that can 
affect the growth and genetic identification of the species life (Hashimoto et al., 2011; Kumar 
et al., 2018; Santos et al., 2017; Volkoff et al., 2017).  
Fish is a highly perishable food. The spoilage of fish is related to changes in 
physicochemical and microbiological parameters and microbial activity is mainly involved in 
loss of quality (El-hanafy et al., 2011). 
During food chilled storage (0 to 8 ºC), psychotrophic bacteria become dominant 
(Carbas et al., 2013). A fraction of Specific Organisms of Spoilage (SSOs) microbes could be 
responsible for the production of off-flavors metabolites responsible for deterioration (Borch 
et al., 1996; Doyle et al., 2003; Nissen et al., 1996). 
Pseudomonas, Shewanella, Photobacterium, Carnobacterium, Lactococcus and 
Brochothrix are commonly reported  as SSOs in fish products (Dalgaard et al., 1993; Gram 
and Huss, 1996) and they produce metabolites like amines, sulfides, alcohols, aldehydes, 
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ketones and organic acids, which cause typical off-odor and off-flavor (Gram et al., 1987; 
Gram and Huss, 1996). 
Microbial spoilage is directly influenced by storage conditions, seafood species 
and climatic conditions of fish farming (Ercolini et al., 2006). Thus, it is important to know 
the initial microbiota of the food matrix  to understand how they can affect the final quality of 
the product (Ercolini et al., 2009) and to find a solution to prevent them. 
Frequently, the characterization of SSOs  is done via classical microbial plating 
techniques, however, in this technique the most of microorganisms cannot be cultivated 
(Cocolin et al., 2013). Molecular methods like high throughput amplicon based sequencing, 
have been the main technique employed (Doulgeraki et al., 2012). 
To our best knowledge no studies on microbial ecology were found on Brazilian 
native fish species and only few evaluate the impact on their quality during the storage 
(Borges et al., 2014a, 2014b, 2013; Bottino et al., 2017; Castro et al., 2007). Borges et al. 
(2014a, 2014b, 2013) showed that tambacu and pacu have a shelf life of 11 days during ice 
storage, Bottino et al. (2017) suggested that the use of UV radiation increase at least 50% the 
shelf life of tambacu and Castro et al. (2007) evaluated the fatty acid composition of pacu, 
fresh and after thermal processing. 
This study contributes to a better understanding of microbial population dynamics 
during the shelf-life and also determines the role of the microbial species involved in the 
spoilage. This valuable information contributes to the improvement of preservation measures 
and to the maintenance of fish quality and safety. 
This study aimed to characterize the microbiota responsible for spoilage of three 
Brazilian native fish stored on ice and frozen for up to one year by 16S amplicon based 
sequencing. Volatile and non-volatile metabolites through GC-MS and 
1




2.  Materials and methods 
2.1. Materials 
2.1.1. Fish sample preparation and storage conditions 
 
The three Brazilian native species of fish (n = 22 sum for the 3 species): pacu, 
tambacu and patinga were collected from a fish farm located in a municipality of the state of 
São Paulo. To ensure sample variability, two lots were evaluated: the batches A referring to 
the samples collected in February and the batches B, for the samples collected in June. The 
average weight was 1.5 kg. The slaughter was carried out according to the animal welfare 
guide, aiming minimising pain and distress. The fish were slaughtered under hypothermia and 
brain destruction. Subsequently the fresh fish were washed, gutted and filleted. Then, the 
samples were putted inside a hermetic cooler with ice. The samples were transported to the 
laboratory of Quantitative Food Microbiology (State University of Campinas – UNICAMP, 
São Paulo) for further analysis.    
The fresh fish fillets were stored in two conditions: ice and freezing. For the 
samples stored on ice, three different fish fillets, of the same species, were aseptically cut in 
small pieces of about 23 g for a total of 70 g for each sample. Then, they were packed in PVC 
films and stored inside in a hermetic cooler with ice. The ratio of fish fillets to ice was 1:1 
(one layer of ice and one layer of fish samples). The hermetic cooler was put inside a 
refrigerator and kept at 2±1 ºC for 24 days. Fish samples were kept in ice for 18 days and re-
iced when necessary. The microbiological analyses were carried out, in duplicate, in the days 
0, 3, 6, 9, 12, 15, 18, 21 and 24. For the samples stored on a freezer, 70 g of fillet were packed 
in PVC films and putted in absorbent trays. The trays were placed in cardboard box and 
stored at -18 ºC. Samples were kept at -18 ºC for 1 year and the analyses were made every 15 
days, in duplicate.  
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At each time interval planned for both analyses, a portion of samples were 
separated, in triplicate, and stored at -18 °C for the following analyzes: 10 g for DNA; 30 g 
for 
1
H NMR and 10 g for GC analysis.  
Previous the analyses, 
1
H NMR and DNA samples were lyophilized. First, the 
sample were placed in sterile petri dishes and covered with PVC film. Small holes were made 
on the film to allow air circulation during lyophilization. The samples returned to the freezer 
(-18 ºC), remaining until the next day. Then, they were inserted in the freeze dried (Terroni, 
LS3000, São Paulo, Brazil), until complete dehydration. 
 
2.2. Methods 
2.2.1. Microbiological analysis 
 
At every sampling point, 10 g of sample were aseptically cut in small pieces and 
transferred to a stomacher bag containing 90 mL of sterile buffered peptone water (BPW) 
(Himedia, Mumbai, India) for obtaining 1:10 dilution, which were homogenized in a 
Stomacher 400 circulator (Model BA7021, Seward, London, England) for 1 min. Serial ten-
fold dilutions were prepared and 0.1 ml were spread in the following culture plates, in 
duplicate: (i) Agar tributyrin for Lipolytic bacteria, incubated for 48 h at 30 °C, according by 
(Ben-Gigireya et al., 2000). Agar tributyrin consisted of 1.3 % nutrient broth (Kasvi, Roseto 
degli Abruzzi, Italy), 1 % tributyrin (Sigma-Aldrich, St Louis, Missouri,USA) and 2 % agar 
(Inlab, São Paulo, Brazil); Plate Count Agar (Kasvi, Roseto degli Abruzzi, Italy) with 0.5 % 
NaCl (Dinâmica, São Paulo, Brazil) for Aerobic mesophilic, incubated at 35±1 °C for 48±2 h;  
Plate Count Agar (Kasvi, Roseto degli Abruzzi, Italy) with 0.5 % NaCl (Dinâmica, São Paulo, 
Brazil) for Psychotropic bacteria, incubated at 7±1 °C for 10 days; Casein Agar for 
Proteolytic bacteria, incubated at 30 °C for 48 h, according by (Ben-Gigireya et al., 2000). 
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Casein Agar was prepared with 1.5 g of Beef extract (Acumedia, Neogen, Lansing, Michigan, 
US), 2.5 g of Bacto Tryptone (Kasvi, Roseto degli Abruzzi, Italy), 0.5 g of  Glucose (Sigma 
Aldrich, Rio de Janeiro, Brazil), 8.5 g of Agar (Inlab, São Paulo, Brazil) and 12 g of skim 
milk powder (Nestlé Brazil LTDA, São Paulo, Brazil); Pseudomonas Agar Base (Oxoid ltd, 
Basingstone, Hampshire, United Kingdom) for Pseudomonas spp., incubation at 25±1 ºC for 
48±2 h. For the confirmation of Pseudomonas spp., 5 colonies per plates were randomly 
chosen and purified in Nutrient Agar (Kasvi, Roseto degli Abruzzi, Italy), incubated at 25±1 
°C for 24 h. After incubation, the pure colonies were selected for confirmation by Oxidase 
test (Laborclin, Rio Grande do Sul, Brazil) and Kligler Iron Agar test (Oxoid LTDA, 
Basingstone, Hampshire, United Kingdom). The results were expressed as log10 CFU g
-1
. The 
pseudomonas ssp. presented the following morphological characteristics: circular or oval 
shape, low convex elevation, cream coloration, homogeneous appearance, medium size. 
 
2.2.2. Microbiota analysis 
2.2.2.1. DNA extraction from fish  
 
Lyophilized fish samples (1 g) were homogenized with 5 ml of  STE Buffer (100 
mmol L
-1
 NaCl, 10 mmol L
-1
 Tris-Cl pH 8.0, 1 mM EDTA) for 1 min, in a stomacher  (LAB 
blender 400; PBI, Italy; stomacher bags, Sto-circul-bag; PBI, Italy). One milliliter of the 
supernatant was mixture with 50 μL lysozyme (50 mg mL
-1
) and incubate at 37 ºC, for 30 
min. After incubation DNA was extracted according to MasterPure DNA purification kit 
(Epicentre, Madison, Wisconsin), following the manufacturing instruction. DNA 
concentration was measured by NanoDrop 1000 spectrophotometer (Thermo Scientific, 




2.2.2.2. 16S rRNA amplicon target sequencing 
 
DNA directly extracted from fish samples was used to assess the microbiota by 
the amplification of the V3-V4 region of the 16S rRNA gene using the primers and protocols 
described by Klindworth et al. (2013). PCR amplicons were then subject to clean up step by 
using Agencourt AMPure kit (Beckman Coulter, Milan, Italy). The Nextera XT Index Kit 
(Illumina Inc. San Diego. CA) was used to tagged the clean PCR products following to the 
manufacturer’s instructions. After the 2nd purification step, amplicons products were 
quantified by using a QUBIT dsDNA Assay kit (Life Technologies, Milan, Italy). An 
equimolar amounts of amplicons were pooled (4 nM). The pooled library was run on an 
Experion workstation (Biorad, Milan, Italy) for quality analysis prior to sequencing. Library 
was denatured with 0.2 N NaOH, diluted to 12 pM, and combined with 20 % (vol/vol) 
denatured 12 pM PhiX, prepared according to Illumina guidelines. The sequencing was 
performed with a MiSeq Illumina instrument (Illumina) with V3 chemistry and generated 250 
bp paired-end reads according to the manufacturer’s instructions.  
 
2.2.2.3. Bioinformatics and statistical analysis  
 
FLASH software (Magoc and Salzberg, 2011) with default parameters was used 
to merged the Paired-end reads. Sequences were quality filtered (at Phred < Q20) using 
QIIME 1.9.0 software(Caporaso et al., 2010) and short reads (<  250 bp) were discarded 
through Prinseq (Schmieder and Edwards, 2011). Chimeras were filtered out by USEARCH 
software version 8.1 (Edgar et al., 2011). Operational Taxonomic Units (OTUs) were picked 
at 99 % of similarity by UCLUST algorithms (Edgar, 2010) and representative sequence for 
each cluster were mapped to the Greengenes 16S rRNA gene database (v. 2013). OTU tables 
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were rarefied to the lowest number of sequences per sample. The OTU table displays the 
higher taxonomy resolution that was reached; when the taxonomy assignment was not able to 
reach the genus, family name was displayed. Phylogenetic Investigation of Communities by 
Reconstruction of Unobserved States (PICRUSt) was used to predict abundances of KEGG 
orthologs (KO) (Langille et al., 2013). α-diversity was assessed by Chao1 and Shannon index, 
using the diversity function of the vegan package (Dixon, 2003) in R environment 
(http://www.r-project.org). OTU table was used to build a principal-component analysis 
(PCA) as a function of the sample type (frozen or ice) by the made4 package of R. ADONIS 
and ANOSIM statistical test was used to detect significant differences in the overall microbial 
community by using the Weighted UniFrac distance matrices and the OTU table. Wilcoxon 
matched pairs test or Mann-Whitney test was used as appropriate to find spefic association 
betweeen α-diversity index or microbiota and samples type. The KO abundance table at level 
3 of the KEGG annotations was imported in gage Bioconductor package (Luo et al., 2009) in 
order to carry out pathway enrichment analysis to identify biological pathways 
overrepresented or underrepresented between samples type. Pairwise Spearman’s non-
parametric correlations were used to study the relationships between the relative abundance of 
microbiota and inferred metabolic pathways or volatile and non volatile metabolites. The 
correlation plots were visualized in R using the corrplot package of R.  
 
2.2.3. GC-SM analysis 
2.2.3.1. VOCs determination by HS-SPME/GC-SM  
 
The extraction of volatile compounds was accomplished according Xu et al. 
(2015). The Headspace Solid Phase Micro-extration (HS-SPME) technique by using a 
Divinybenzene Carboxen/Polydimethylsiloxane (DVB/CAR/PDMS) 100 µm SPME fibre and 
manual holder (Supelco, USA). 
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The samples were stored at -80 °C in order to prevent loss of analytes. Before 
analysis, each sample was kept  at room temperature (± 22 ºC) for 30 min. From each sample, 
an amount of  3g was transferred into headspace vials (40 mL), added 6 mL sodium chloride 
(0.36 g mL
-1
) and finally sealed with polyethylene and silicone septum cap. The vials were 
kept at 50 ºC for 15 min prior to SPME analysis in order to let sample and headspace to 
equilibrate. Headspace were exposed to the SPME fiber for 15 min at 50 ºC and immediately 
desorbed in gas chromatographer injector at 250 ºC. 
 
2.2.3.2. GC-MS procedures 
 
For the chromatographic analyzes, a Agilent 7890A connected to Agilent 7000 
Triple Quad triple quadrupole mass spectrometer (Agilent Technologies, Palo Alto, CA), 
using helium at flow rate of 1 mL min
-1
 were employed. Data were acquired by using the 
Agilent MassHunter Workstation Software Qualitative and Quantitative Analysis for QQQ 
(Agilent Technologies Inc.). National Institute of Standards and Technology (Software Mass 
Spectral Library Version 2.0, 2011, Gaithersburg, Maryland, USA) MS database was 
employed for ion fragmentation consultation. All analyses were performed in splitless mode, 
using a liner suitable for SPME analysis. 
HP-5ms capillary column 30 m x 0.25 mm ID x 1.0 µm df (Agilent Technologies, 
Palo Alto, CA) was employed. Injector and oven temperature parameters were optimized 
from Xu et al. (2015). After extraction, desorption was performed immediately on the injector 
in the GC injector at 250°C, no splitless mode. The column temperature program was: initial 
40 ° C for 1 min, then raised to 100 ° C at 4 ° C min
-1
, after a increased to 230 ° C at 6 ° C 
min
-1
 and the final temperature was held for 1 min. 
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Mass spectra were acquired using electron ionization (70 eV) ion fragmentation. 
Nitrogen and Helium were employed as collision gas. Followed by data acquisition at 
Multiple Reaction Monitoring (MRM). In order to investigate product ions and all relevant 
mass transitions (Table 1), full scan was acquired prior to MRM analysis using the following 
conditions: 10 000 amu s
-1
 scan speed and 30 – 400 m/z mass range. 
 
Table 1. Mass transitions (m/z) and respective collision energies (V) acquired on Multiple 














1-Hexanol 12.497 56.0  41 5 68.9  41 5 
Nonanal 13.538 56.9  41 5 69.9  41 5 




57.0  41 5 69.9  55 5 
 
2.2.3.3. Biomarkers determination 
 
A full scan analysis was carried out for those samples stored on ice and frozen. 
Fish storage biomarkers were selected from those analytes found in all storage conditions 
with significant area counts. Mass transitions (m/z) for the four elected biomarkers are shown 
in Table 1.  
The identified biomarkers were determined along the fish storage time for those 
samples stored at ice and frozen in three distinct points (initial, intermediate and final). 








H NMR analysis 
 
2.2.4.1. Monitoring of metabolites by 
1




H NMR analysis, an adapted experimental method was applied to 
prepare the fish samples according Shumilina et al. (2016). Briefly, fish samples (100.0 mg) 
were directly mixed with 800.0 μL of a stock solution of heavy water (D2O) (99.8 %) 
containing buffer (56.16 mg mL
-1
 of Disodium phosphate (Na2HPO4) and 48.17 mg mL
-1
 of 
NAH2PO4) and 0.13 mg mL
-1
 of Trimethylsilylpropanoic acid (TMSP-d4) (internal standard 
to δ 0.0), automatic mixed during 3 min using 1,500 rpm at room temperature, centrifuged at 
806.4 g for 5 min, to collect the supernatant into 5 mm NMR tubes. This procedure was 
performed in quadruplicate for each storage temperature (0 °C and 10 °C). 
The 
1
H NMR experiments were performed on an Agilent 600-MHz spectrometer 




P) inverse detection One Probe™ with actively shielded Z-
gradient. The 
1
H NMR spectra were acquired using the PRESAT pulse sequence for water 
suppression at 4.86 ppm. The 
1
H NMR data were acquired in triplicate with calibrated pulses 
to 90 ° (9.62 s pulse length at 58 dB of power), 32 scans, 64 k of time domain points with a 
spectral window of 20.0 ppm, acquisition time of 5.0 s, relaxation delay of 25.0 s. A pre-fixed 
value of 36 for receiver gain was used for all the acquisitions and the temperature was 
controlled to 298 K. The spectra were processed by applying exponential multiplication of the 
FIDs by a factor of 0.3 Hz and Fourier transformation of 64k points. Phase correction was 
manually performed and the baseline correction was applied over the entire spectral range 
(Alves Filho et al., 2017). 
The identification of the constituents was performed through the 2D-NMR 
experiments of COSY (correlation spectroscopy), HSQC (heteronuclear single quantum 
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coherence), and HMBC (heteronuclear multiple bond correlation), and by comparison using 
an open access database (www.hmdb.ca) and literature reports(Alves Filho et al., 2016; Cai et 





C chemical shifts, multiplicity, correlations and constant 
coupling, 2D-NMR data acquisition and processing are available in the Supporting 
Information. 
The compounds that presented high variations in chemometrics and did not 
exhibit overlapping resonances were quantified using the external reference method provided 
by VnmJ™ program (version 4.2, Agilent). The quantitative results were evaluated using the 
analysis of variance ANOVA single factor through Origin™ 8.0 program in order to 
statistically certify the differences among the variation – significance level of 0.05, means 
comparison using Tukey test, and Levene to test the homogeneity of variance. The combined 
uncertainties were based on the analytical errors, replicates of the sampling, and standard 
deviation of the triplicate of 
1
H spectra acquisitions (Alves Filho et al., 2017). 
 
2.2.4.2. Chemometric analysis 
 
Chemometric analysis investigated the variability of the composition of the fish 
samples stored in ice and frozen, during two different seasons (beginning/end of the year – 
February and December; and middle of the year – June). The 
1
H NMR spectra from the 
replicates of the sampling and triplicate of the acquisition (totaling 24 
1
H NMR spectra) were 
converted to American Standard Code for Information Interchange (ASCII) format to matrix 
construction, which was exported for chemometric analysis using The Unscrambler X™ 
program 10.4 (CAMO software, Woodbridge, NJ, USA). Singular Value Decomposition 
(SVD) algorithm was used to decompose the matrix (24 samples × 6,947 variables = 166,728 
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NMR data) in order to reduce data dimension and to observe trends of the samples variability 
with a confidence level of 95 %
 
 (Hotelling, 1933). 
In order to overcome problems related to signals shifts (misalignment tends) by 
small variation in pH and temperature, the compounds signal commonly present in the spectra 
were assignment using COW (Correlation Optimized Warping) method, even after the TMSP-
d4 calibration. PCA was carried out after the mean-centered processing over the variables and 
baseline correction with normalization over the samples since these pretreatments enhanced 
the differences between the samples composition (Sucupira et al., 2017). 
 
3. Results 
3.1. Microbiological analysis  
 
The results of microbial counts on selective media plate of the species fish patinga 
(P), pacu (PA), and tambacu (T), during ice (I) and frozen (F) storages, are presented in 
Figure 1 and 2, respectively.  
During the ice and frozen storage, psychotrophic and mesophilic bacteria showed 
initial count of  log 3.96 ± 0.91 and 4.46 ± 0.12, respectively. For samples storage on ice, the 
counts of all analyzed microorganisms increase during storage. At the end of the storage 
period (24 days), we observed a count of approximately 9.06±0.45 log CFU g
-1
 for 
psychotrophic and mesophilic bacteria (Figure 1). The samples stored at frozen condition 
maintained the microbiological load during storage (Figure 2). No significantly differences 
among the species P, PA and T, when compared each group of microorganisms, during ice or 










Figure 1 Viable counts of different fish spoilage microbial groups for species of  P, PA and T 



































































































































































3.2. Identification of microbiota by 16S rRNA 
 
The bacterial sequencing accounted 7.333.944 reads. After quality filtering 
3.752.991 reads passed the filters and with an average of 57.738 reads/sample and 460 bp of 
sequence length.  
The analyzes were satisfactory for all samples, with an average recovery value of 
86 %. Adonis and analysis of similarity (ANOSIM) statistical tests showed no significant 
differences among fish species (P, PC and T samples) and neither among the lots (February 
and June) (P < 0.05). 
 However, significant differences among the storage type Frozen Vs. Ice (P < 
0.001) were observed. Principal Component Analysis (PCA) was performed on OTUs table 
and the results (Figure 3) further confirmed the separation of the samples according to the 
storage type (I or F).  Taking into the account the single sampling point it was possible to 
observed few difference between OTUs.  
As shown in Figure 4, the main OTUs shared among the entire datasets were 
Pseudomonas fragi, Brochothrix thermosphacta, Acinetobacter, Acinetobacter johnsonii, 
Bacillus, Lactobacillus plantarum, Kocuria and Enterococcus. The microbial ecology does 
not change as a function of the fish species stored in ice. We were able to observed a slightly 
variation in the microbiota as affected by the sampling time in ice samples. In particular 
samples at day 3 showed the higher presence (P < 0.05) of several minor OTUs 
(Acinetobacter, Bacillus, Bacteroides, Enterococcus, Kurthia and Macrococcus). While P. 
fragi was characteristic at the end of the trial. On the other hand no significant difference 
across the samples were observed (P > 0.05). Regarding samples stored in frozen condition no 
difference as a function of the fish species were observed (P > 0.05). Taking into the account 
the sampling time in frozen samples it was possible to observed a reduction (P < 0.05) in the 
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relative abundance from time 0 till the end of several OTUs such as: Kurthia, Enterococcus, 
Ralstonia, Staphylococcus and Streptococcus while P. fragi increased as affect by the storage 
time (P < 0.05).  
 
Figure 3. Principal Component Analysis for OTUs of greater relative abundance storage at 
Frozen Vs. Ice. 
 
 
Comparing the relative abundance of the main OTUs between ice and frozen 
samples, it was possible to observe that A. johnsonii, Acinetobacter, Enterococcus, Kocuria, 
L. plantarum and P. fragi where characteristic of Frozen samples (FDR < 0.05). On the other 
hand only Bacillus were clearly associated with ice samples (FDR < 0.05). Regarding the 
inferred metagenome the nearest sequenced taxon index (NSTI) score was 0.048 ± 0.011, 
indicating an accuracy of 95.2 %. The pathway enrichment analysis performed by GAGE 





Figure 4. Incidence of the major taxonomic groups detected by pyrosequencing. Only OTUs 
with an incidence above 5 % in at least 2 samples are shown. Abundance of OTUs in the 2 
biological replicates for each sampling time was averaged. Samples are labeled according to 
time on ice [I] (0, 1, 3, 5, 7, 14, and 21 days) and frozen [F] (0,4, 8 and 12 months), batch (A 




Figure 5.  Relative abundance of OTUs at taxonomic levels based on 16S rRNA gene sequencing analysis of DNA from P, PC and T fillets 
stored at ice and frozen. 
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Methane (ko00680), propanoate (ko00640), butanoate (ko00650), Sulfur 
(ko00920), Arginine and proline (ko00330) in Frozen samples compared to Ice samples (data 
not shown).When plotting the correlation between OTUs and KO we observed that Kocuria, 
P. fragi, L. plantarum Enterococcus and Acinetobacter were positively correlated with the 
metabolic pathways (Fig 5) (FDR < 0.05) of ether lipid metabolism. B. thermosphacta and 
Pseudomonas sp. were related with inferred metabolic pathways involved in aminoacid 
metabolism (arginine, alanine and proline metabolism) (FDR < 0.05). 
 
3.3. Volatile Organic Compounds (VOCs) analysis  
 
In the present study, a screening was performed to determine the most frequent 
markers (VOCs) and common to different species of fish, making possible the comparison 
between the species and the time of storage. The VOCs identified, which exhibited an 
appropriate analytical signal (an appropriate analytical signal was considered when the peak 
present an area relative more than 1% of the area of the highest peak presented in the 
chromatogram) and present in our library, were: 1-hexanol, nonanal, octenol and 2-ethyl-1-
hexanol (Table 2 and 3). In the absence of analytical standards for the selected VOCs, a semi-
quantitative analysis was performed. Results were given in peak area. 
The 1-hexanol showed a fluctuation in concentration on frozen and ice storage, which 
may increase or maintain the concentration during the storage. The concentration of nonanal 
reduced during the frozen and ice storage in all species studied. However, this reduction was 
not significant for tambacu samples stored on ice and frozen (P > 0.05). 
On ice storage, the 2-ethyl-1-hexanol concentration also showed a tendency to 
reduction in the levels of this volatile in patinga and tambacu, with the exception of pacu, 
which showed a linear increase with storage time 
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Additionally, for the pacu sample stored on frozen, only increasing values of 2-ethyl-1-
hexanol (P < 0.05) were observed. In patinga frozen samples was observed a reduction with 
the time of storage (P > 0.05). For tambacu, we observed a redction on the concentration of 2-
Ethyl-1-hexanol. 
 
Table 2. Detected VOCs and their relative concentrations nin P, PC and T sample during 
storage in ice.  
Compounds 
Ice (time days) 
9 21 
Pacu   
1-Hexanol 1.27 ± 4169ac 3,58 ± 98534ac 
Nonanal  3.96 ± 0.67ac 0.52 ± 0.24bc 
Octenol  0.80 ± 0.09ac 0.24 ± 0.16bc 
2-Ethyl-1hexanol 1.53 ± 0.20ac 14.30 ± 0.71bc 
Patinga 
1-Hexanol 2.61 ± 0.52ac 2.13 ± 0.61ad 
Nonanal  3.32 ± 0.15ac 0.83 ± 0.02bc 
Octenol 0.69 ± 0.25ac 0.43 ± 0.09ad 
2-Ethyl-1-hexanol 12.9 ± 4.86ad 5.35 ± 2.02bd 
Tambacu 
1-Hexanol 1.32 ± 0.20ac 1.12 ± 0.17ad 
Nonanal  1.45 ± 0.48ad 0.21 ± 0.18ac 
Octenol  0.31 ± 0.08ad 0.14 ± 0.29ac 
2-Ethyl-1-hexanol 14.96 ± 4.15ad 8.62 ± 2.23bd 
*The values represent the means of the 2 fish  batches, with two replicate packages and are reported as arbitrary 
units (surface under the chromatographic peak10
3
). 
*a and b:  Different letters indicate significantly different with storage time (P < 0.05). 





Table 3. Detected VOCs and their relative concentrations in P, PC and T sample during 
storage on frozen.  
Compounds 
Frozen (months) 
6 9 12 
Pacu    
1-Hexanol 0.58 ± 0.08ac 0.86 ± 0.08ac 2.82 ± 0.12bc 
Nonanal  5.22 ± 0.41ac 3.69 ± 0.10ac 1.44 ± 0.00bc 
Octenol  0.16 ± 0.10ac 0.09 ± 0.00ac - 
2-Ethyl-1-
hexanol 
1.80 ± 0.17ac 1.24 ± 0.17ac 7.53 ± 0.25bc 
Patinga 
1-Hexanol 3.87 ± 0.34ad 4.72 ± 0.31bd 4.46 ± 0.06bc 
Nonanal  3.91 ± 0.39ac 1.66 ± 0.13bd 0.02 ± 0.13bc 
Octenol 0.80 ± 0.13ad 0.87 ± 0.11ad 0.78 ± 0.11c 
2-Ethyl-1-
hexanol 
8.03 ± 0.43ad 2.34 ± 0.21c 2.88 ± 0.13bd 
Tambacu 
1-Hexanol 0.51 ± 0.11ac 0.43 ± 0.09ae 0.23 ± 0.07ac 
Nonanal  1.53 ± 0.13ac 1.18 ± 0.21ad 0.97 ± 0.13ac 
Octenol  0.10 ± 0.00ae 0.10 ± 0.00ac - 
2-Ethyl-1-
hexanol 
0.64 ± 0.17ae 0.63 ± 0.04ac 0.58 ± 0.09ae 
*The values represent the means of the 2 fish  batches, with two replicate packages and are 
reported as arbitrary units (surface under the chromatographic peak10
3
). 
*a and b:  Different letters indicate significantly different with storage time (P < 0.05). 
*c to e: Different letters indicate significantly different with fish species (P < 0.05). 
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The octenol showed the lowest concentrations when compared with the other 
VOCs analyzed, among the studied species (P, PC and T) and the storage forms (ice and 
frozen). On ice storage, pacu and tambacu sample showed a tendency reduction in 
concentration levels (P < 0.05); in patinga samples was observed an increase in concentration 
over the storage (P < 0.05). No change in octenol concentration was observed for the frozen 




H NMR analysis 
 
The major compounds identified in frozen and ice fillets of Pacu, Tambacu, and 
Patinga were lactic acid (doublet at δ 1.34 and quadruplet at δ 4.13), creatine (singlet at δ 3.05 
and δ 3.95), and taurine (doublet of doublets at δ 3.30 and δ 3.44). In aromatic region (δ 6.5 – 
9.0), the main compounds detected were ATP/ADP (singlet at δ 8.57) and the decomposition 
product inosine (singlet at δ 8.48). Due to the complexity of the 
1
H NMR dataset and 
similarity among the fish composition, PCA method was applied to investigate the variability 
of the organic compounds in three species of fish (Pacu, Tambacu, and Patinga).  
Figures 6, 7, and 8 present the scores graph (a) and loadings plotted in lines form 
(b) from fish species Pacu, Tambacu, and Patinga, respectively, during three storage periods: 
in the beginning (0 days); after 12 days; and after 21 days of storing in ice. Figures with main 
variations according to the first two principal components (PC1 and PC2) with 79.9 %, 95.3 
%, and 85.7 % of the total variance, correspondently. No significant variations were observed 
for frozen stored fish 
In general, all the loadings graphs on ice storage showed the positive relationship 
among the compounds phosphocreatine and/or creatine and taurine, and their opposite 
behavior with fatty acids, acetic acid, leucine, isoleucine, and valine. For Pacu specie, the 
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loadings graph (b) illustrates manly the decrease tendency in amount of creatine and/or 
phosphocreatine in fish fillets and presented increase tendencies in amounts of acetic and fatty 
acids, leucine, isoleucine, and valine, and PC2 loadings reveled decrease in amount of lactic 
acid after both storages (12 and 21 days). For Tambacu species, samples after 12 days of 
storage presented higher decrease tendencies in amounts of creatine and/or phosphocreatine 
and lactic acid. Furthermore, after 12 days of storage, amounts of acetic and fatty acids, 
leucine, isoleucine, and valine increased in fish fillets. Samples before storage presented the 
higher amounts of creatine and/or phosphocreatine, taurine, and lactic acid based on PC1 and 
PC2 loadings. For Patinga samples, the negative loadings of PC1 presented decrease 
tendencies in amounts of creatine and/or phosphocreatine and lactic acid, manly for fish meats 
after storage at February (12 or 21 days), and increase in amount of acetic and fatty acids.    
 
3.5. Correlation between microbiota and volatile and non volatile compounds. 
 
When plotting the spearman correlation between microbiota and metabolites it 
was possible to observe that phosphocreatine/creatine showed the highest number of positive 




Figure 6 – PC1 × PC2 scores coordinate system and respective loadings plotted in lines for 
Pacu fish fillets sampled during June (triangle) and February (circle) before the storage (0 – 
black color), after 12 days (red), and after 21 days (green). 
 
 
Figure 7 – PC1 × PC2 scores coordinate system and respective loadings plotted in lines for 
Tambacu fish fillets sampled during June (triangle) and February (circle) before the storage (0 




Figure 8 – PC1 × PC2 scores coordinate system and respective loadings plotted in lines for 
Patinga fish fillets sampled during June (triangle) and February (circle) before the storage (0 – 








volatile metabolites were negatively correlate with the microbiota. Only Bacillus showed a 
positive correlation with the volatile metabolites. In addition we observed a positive 




4.1.  Microbiological and 16S rRNA analysis 
  
The present work aimed monitor the microbiological community of 3 native 
Brazilian fish (pacu, tambacu and patinga), during Ice and Frozen storage. Among the native 
fish of Brazil, P, PA, TA were the species selected for studies due to their expressive 
economic importance for fish farming and they are well accepted by the consumer. Ice and 
frozen storage are the techniques commonly used for species conservation, being evaluated in 
the present study. The microbiological diversity was monitored by the classical 
microbiological methods, by plate counts, and 16S rRNA sequencing. 
For fish storage on ice, the end of shelf life was achieved with approximately 15 
days storage. This time represents a microbiological count of 7 log CFU g
-1
, value established 
as a microbiological standard in refrigerated fish (ICSMS, 1986).  
Amplicon sequencing of the samples clearly demonstrated that the dominant 
OTUs were P. fragi, B. thermosphacta, Acinetobacter, Acinetobacter johnsonii, Bacillus, 
Lactobacillus Plantarum, Kocuria and Enterococcus.  
Pseudomonas spp. are commonly reported in the literature as a dominant 
microorganism in chilled fish under aerobic (Mikš-Krajnik et al., 2016; Parlapani et al., 
2014). In the present study, P.  fragi was the most prevalent spoiler in all samples of fish 
analyzed, at chilled and frozen stored. This micro-organisms is commonly found in the 
aquatic environment, being found in different climates (tropical and subtropical areas) and 
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different salinity of water (marine and freshwater ) (Gram, 1993; Liston, 1992). In 
refrigerated fish, P. fragi has been reported as spoilage, showing proteolytic and lipolytic 
active with a large heterogeneity in levels of activity (Ercolini et al., 2010). This species is 
associated with the produce odours reminiscent of spoiling tropical fruit (a mix of ethyl esters 
of acetate, butyrate, and hexanoate) and sulphydryl  compounds (Cann, 1974; Gillespie, 
1981). Due to the abundance of P. fragi on the sample, added to its potential spoilage, we can 
expect that this species contribute significantly to the fish spoilage. 
Several authors have positively correlated the presence of P. fragi, in meat 
samples, with the production of the VOCs studied in the present study: nonanal, 1-octen-3-ol, 
2-ethyl-1-hexanol and 1-hexanol (Casaburi et al., 2011; Edwards et al., 1987; Ercolini et al., 
2011; Ferrocino et al., 2013). These VOCs have been associated with both triglyceride and 
amino acid catabolism. However, in the present work, the activity of Pseudomonas spp. was 
only related to the inferred metabolic pathway of amino acids and we did not observed a 
significan correlation between P. fragi and VOCs. We were able to observed a clear 
correlation between P. fragi and taurine. 
Acoording Shimamoto and Berk (1979), Pseudomonas spp. are able to use taurine 
as a source of carbon and nitrogen for power generation. Several strains of Pseudmonas spp. 
present the enzyme taurine pyruvate aminotransferase capable of catabolizing taurine and 
pyruvate in the formation of sulfoacetaldehyde and alanine.  
Regarding Brochothrix thermosphacta these microrganism have been reported in 
fish stored in aerobic (Mikš-Krajnik et al., 2016; Nowak et al., 2012), being characterized by 
the production of a mild and sour odor. Mikš-Krajnik et al. (2016) reports growth rate of B. 
thermosphacta was similar to Pseudomonas spp. raw salmon fillets under aerobically stored, 
indicating the importance of this microorganism in the spoilage of fish. 
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In the present work, B. thermosphacta was positively correlated with metabolic 
pathways involved in aminoacid metabolism (FDR <0.05). Similar results have been reported 
by (Dainty and Mackey, 1992). The authors reports that B thermosphacta was responsible for 
degraded some amino acids on meat, such as valine, leucine, and isoleucine, resulting in the 
following compound: isobutyric, isovaleric, and 2-methylbutyric acids, respectively.  
Additionally, they are also capable of producing acetamin and acetic.  
Acinetobacter spp. and Enterococus spp. are known spoilage bacteria on 
freshwater fish (González, César et al., 2001; Gram and Huss, 1996). Taučer-Kapteijn, 
Medema, & Hoogenboezem, 2013) reports that Enterococus spp. were isolated from different 
aquatic environments. Addition, this microorganism may also be present in gastrointestinal 
tract, gills and on surface of freshwater fish (Austin, 2002; Hatha, 2002; Radu et al., 2003; 
Vivekanandhan et al., 2005). Acinetobacter is a nutritionally versatile bacterium, being able to 
use some amino acids and fatty acids as carbon sources. Within the genus Acinetobacter, A. 
johnsonii was the most abundant OTU found on fish sample, also being reported by others 
authors (Dabadé et al., 2015). However, the low abundance of Acinetobacter and A. johnsonii 
suggests that they contribute on a smaller scale to spoilage. 
P. fragi, B. thermophacta and Acinetobacter. also have been correlated to the 
production of acetoin in meat, conferring the unpleasant odor of buttery / creamy flavor 
(Edwards et al., 1987; Ercolini et al., 2011; Ferrocino et al., 2013). 
Enterococcus has been associated with aquatic environments or infected humans 
(Kusuda and Salati, 1999; Michel et al., 2007). These genera can occur as a result of 
contaminated water or unhygienic handling and poor personal hygiene, can be originate from 
materials, food operators or the environment throughout the processing chain (Lampel et al., 
1999; Lopez-Sabater et al., 1994). Enterococcus are considered a fish spoilage, being 
associated with the catabolism of carbohydrates to lactic acid (Dalgaard et al., 2003; Tomé et 
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al., 2008). When present in protein matrices, they have the ability to degrade amino acids to 
biogenic amines, with highlights for the production of tyramine (Chong et al., 2011).  
Similarly to Acinetobacter, a low rate was observed for Enterococcus in the fish matrix, 
indicating just an additional contribuition to the spoilage of fish. 
Enterococcus species have been reported to have high proteolytic and lipolytic 
activity (Ribeiro et al., 2013). This type has a positive correlation with the production of free 
fatty acids, ketones and alcohols (P < 0.05), in dairy products (Bugaud et al., 2001).  
Lb. plantarum, Kocuria and Bacillus are reported as relevant fish flora, being 
naturally present in the intestine (Austin, 2006; Grayfer et al., 2014). L. plantarum are species 
with high proteolytic activity and, to a lesser extent, contribute to the degradation of short 
chain fatty acids. (Ztaliou et al., 1996) Kocuria species can be isolated from a wide range of 
environments, including the marine environment (Jorgensen et al., 2001; Parlapani et al., 
2017). 
Fish from tropical water usually have a slightly higher concentration of gram 
positive bacteria, such as Bacillus and Lactobacillus, when compared to fish from temperate 
water (Liston, 1980). Bacillus have been both identified in fish species as in the aquatic 
environment (Popović et al., 2017; Rasheeda et al., 2017). They have high proteolytic and 
lipolytic activity, contributing to the spoilage of fish. 
Bacillus are reported for their proteolytic and amylolytic activity. In protein 
matrices they are able to release proteases, degrading proteins into amino acids (Liu et al., 
2018; Zheng et al., 2011). In the present study, the genus Bacillus was positively correlated 
with the production of all VOCs identified (octanol, nonanal, 1-hexanol e 2-ethyl-1-hexanol) 





4.2. Volatile Organic Compounds (VOCs) analysis  
 
All the alcohols evaluated are reported as products  of oxidation of unsaturated 
fatty acids. They are formed by a lipoxygenase-initiated peroxidation of the n−3 and n−6 
polyunsaturated fatty acids (Selli and Cayhan, 2009); while saturated aldehydes, as nonanal, 
come from the oxidation of n-6 and n-9 polyunsaturated fatty acid (Duflos et al., 2006; Soncin 
et al., 2009), contributing to the production of off-flavors in the fish matrix.  
Among the VOCs studied, the smallest areas were observed for 1-octen-2-ol and 
nonanal. Unsaturated alcohols and aldehyde are reported by presenting a low active odor 
threshold. 1-octen-2-ol and nonanal are reported as having limits of perception of 0.0075 and 
1 ppm, respectively, indicating that even in trace amounts, they shown an effect on the flavor. 
For 1-hexanol has been  reported limits of the odors perception of 8000 ppm (Guth, 1997; 
Marco et al., 2007). Moreover, nonanal contributes to the following fish odors: green, fruity, 
gas, chlorine, floral, waxy, sweet, melon, soapy, fatty, citrus fruit (Ganeko et al., 2008). 
In the present study, the fluctuation observed in the 1-hexanol concentration is 
similar to Odeyemi et al. (2018) and Polo et al. (2014), not demonstrating a standard behavior 
during the ice and frozen storage. 1-octen-2-ol and 2-ethil-1-hexanol showed a decrease at the 
end of shelf life (between the 9º to 21º day of ice storage), which may be related to oxidation 
of secondary alcohols or the esterification of alcohols with carboxylic acids (Padda et al., 
2001; Peterson and Chang, 1982).  
Alasalvar et al. (2005) report that C6-C10 saturated and unsaturated alcohols and 
carbonyl compounds are naturally found  in several species of fish, being detected in controls 
and inoculated fish. Similar results were reported for Parlapani et al. (2017, 2015), the authors 
reported that the compound was found in non-inoculated and inoculated fish. Moreover, the 
authors affirmed that the compound has no correlation with the microbial activity. Nonanal 
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contributes strongly to the aroma in low concentrations and it is associated with the following 
fish odors: green, fruity, gas, chlorine, floral, waxy, sweet, melon, soapy, fatty, citrus fruit 
(Ganeko et al., 2008).  
The significant differences observed in the VOCs peak area among the fish 
species (P < 0.05), must be the result of the lipid profile between the species.  It is know that 
Brazilian ‘’Round’’ fish have high levels of n-3 and n-6 polyunsaturated fatty acids (Tanamati 
et al., 2009). However, we only found study for the profile of fatty acids in pacu (Castro et al., 




H NMR analysis 
 
In generally, the non-volatile compounds showed a reduction in the 
concentrations of creatine and/or phosphocreatine, taurine, and lactic acid and we also 
observed an increase in concentrations of acetic acid, fatty acid and amino acids leucine, 
isoleucine and valine during ice storage, for all fish species.   
The reduction in the concentration of taurine and creatine and/or phosphocreatine 
was already expected. As previously mentioned, taurine was positively correlated with the 
activity of Pseudomonas fragis, which is capable of catabolizing taurine and pyruvate in the 
formation of sulfoacetaldehyde and alanine, contributing to the reduction of compound 
(Shimahara et al., 1989). Phosphocreatine is the main energy reserve after the slaughter of the 
fish. Phosphocreatine is instantly cleaved to reconstitute the ATP molecule from ADP, 
resulting in the formation of creatine. This reaction is catalyzed by the enzyme 
phosphocreatine kinase. Therefore, the peaks observed in the present work are mainly due to 
the contribution of creatine, due to rapid degradation of phosphocreatine (Savorani et al., 
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2010; Wyss and Kaddurah-Daouk, 2000). In particular, creatine and phosphocreatine 
contribute to the thickness and mouthfulness (Shah et al., 2010). 
Although to be expected an increase in the concentration of lactic acid over 
storage, from glucose anaerobic catabolism, we observed a reduction in the concentration of 
compound. Similarly, Shumilina et al. (2016) reports a fluctuation in the concentration of 
lactic acid in fish by-products (Backbones, Viscera and heads); while Tan et al. (2018) 
observed a reduction in concentration in fish muscle. These results should be indicative of the 
microbiological activity. It is known that some microorganisms are able to consume or 
produce lactate.  
The increase in the concentration of the amino acids valine, isoleucine and leucine 
is consistent with several authors (Agrawal and Arul, 2012; Savorani et al., 2010; Tan et al., 
2018). Amino acid formation comes from the hydrolysis of the protein. The proteolytic 
activity may be both associated with endogenous enzymes (such as cathepsin and calpain) and 
bacterial proteinases, such as LAB, Pseudomonas, Bacillus, Aeromonas (Rao et al., 1998).  
The accumulation of free fatty acids in the fish matrix also contributes to the loss 
of quality, resulting in a rancid flavor. The lipolytic action results in the cleavage of the 
triglycerides, being associated with the activity of endogenous enzymes or lipolytic bacteria 
(i.e. P. fragi, L. plantarum) (Huss, 1995). 
Acetic acid has been reported as an indicator of quality, being absent or present in 
low quantity in fresh food, increasing proportionally the deterioration of the quality of the 
food, being in agreement with the observed in the present study (Mikš-Krajnik et al., 2016). 
Acetic acid is exclusively related to microbial activity (Parlapani et al., 2017), being attributed 
to B. thermosphacta and lactic acid bacteria activity, but also to S. putrefaciens and P. 







16S rRNA analysis significantly contributed to identify the main OTUs potential 
impact of the microbial population related to lost quality Brazilian native fish.  P. fragi was 
the most prevalent spoilage bacteria on ice and frozen conditions followed by B. 
thermosphacta, which can contribute to determine the final characteristics of the products. In 
addition we observed a positive correlation between P. fragi and taurine. All the volatile 
compounds studied were positively correlated with Bacillus spp. However, a wide further 
exploitation must be realized on VOCs diversity released during spoilage of native fish. In 
regard the metabolite analysis using 
1
H NMR, some compound non-volatile (i.e. amino acids, 
acetic acid, ATP degradation products, etc.)  increased during storage, suggesting their 
potential as chemical spoilage index candidates of pacu fillets. 
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This research aimed to model the growth of Pseudomonas spp. and psychrotrophics in chilled 
pacu (Piaractus mesopotamicus), stored at different temperatures (0 to 10 ºC).  Baranyi and 
Robert model’s was used for describe the kinetic parameters of growth, presenting good 
determination coefficients (R
2 
> 0.90). Growth rate (µmáx) and lag time (λ), demonstrated to be 
significant influence by temperature (P < 0.05) for both microorganisms. The square root 
secundary model described the microbial growth as a function of temperature, obtain the 
function √μ = 0.016 (T + 10.13) for Pseudomonas spp. and √μ =0.017 (T + 9.91) for 
psychrotrophic, with R
2
 > 0.95 for both microorganisms. The validation presented values of 
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bias and accuracy between 1.24-1.49 and 1.45-1.49, respectively. The accuracy factor 
observed in the present study did not show an excellent concordance between the predicted 
and observed values, however, we obtained values relatively close to one. The polarization 
factor greater and near to one demonstrates that the model is able to predict the growth of 
Pseudomonas spp. and psychotrophic bacteria in refrigerated pacu fillets. Volatile organic 
compounds (1-Hexanol, nonanal, octenol and 2-ethyl-1-hexanol) showed present different 
standards of behavior with storage time  (P > 0.05). 
1
H NMR analysis indicated that pacu 
fillets presented greater spoilage at 10 ºC than 0 ºC, indicating the increase of enzymatic and 
microbial activity. 
 







 Pacu (Piaractus mesopotamicus) is a neotropical freshwater fish, widely found 
in the Silver basin, being located mainly in the Central-West Region (Bonetto and Castello, 
1985; Calcagnotto and DeSalle, 2009). 
 Among the fish native to the Brazilian fauna, pacu stands out in fish farming 
for its expressive economic importance (Brasil, 2011). This species recorded production 
values of 11 and 21.7 thousand tons in fishing and aquaculture, respectively, being among the 
main species produced in the country (Brasil, 2011). Its ease of handling and breeding, 
presenting a rapid growth, easy adaptation to the artificial feeding, the resistance to the low 
temperatures, the appreciable flavor, consequently the high acceptance by the fish consumer 
(Urbinati and Gonçalves, 2005) created in other regions of the country, such as the South and 
Southeast. 
 The intrinsic characteristics, such as, rich nutritional material and high values 
of pH (6.5-6.8), moisture (70.10 %) and lipids (12.20 %) (Tanamati et al., 2009), become the 
matrix of fish an appropriate environment for the growth of a diversity of microorganisms, 
which, together with the lipid and enzymatic reactions, contribute to the deterioration of the 
food (Doulgeraki et al., 2010; Doyle et al., 2003)  
 The cold chain is the main method of preserving the product. The use of low 
temperature contributed to reduce the metabolic activity of the spoilage microorganisms 
(Ukuku and Sapers, 2007). However, psychotropics bacteria are able to grow up at 
temperatures below to 10 ºC, especially the genus Pseudomonas spp.   
Several factors can cause temperature changes along the cold chain, such as, 
thermal properties of the food, variations in the condition of the ambient, packaging and the 
initial product temperature. A break in the cold chain is frequent in a part of the process 
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between the transport and the consumer (Gill et al., 1997; James et al., 2006; Raab et al., 
2008; Rediers et al., 2009). Temperature fluctuations in the cold chain contribute to 
microbiological growth and, consequently, reflect in the shelf life of the food (Powers et al., 
1965).  
To evaluate the impact of temperature variations in the cold chain, mathematical 
models have been widely applied in order to predict the behavior of the main spoilers or 
pathogens in the food. Predictive microbiology is capable to describe the effect of of intrinsic 
(pH, aw) and extrinsic (temperature, gaseous atmosphere) factors on the microbial growth, 
predicting shelf life (Roberts and Jarvis, 1983).  
Spoilage does not appear to be the result of bacteriological growth alone, but is 
caused by biochemical changes which occur in the course of the shelf life. The spoilage 
microflora are associated with the development of metabolites/off flavors, like: amines, 
sulphides, alcohols, aldehydes, ketones, organic acids, among other compounds that 
compromise quality and make the product unacceptable by consumers (Dalgaard et al., 2006; 
Gram and Dalgaard, 2002). The measurement of a metabolic by-product give a good 
indication of food quality.  
Therefore, this research aims to model the growth of Pseudomonas spp. and 
psychrotrophics bacteria in chilled pacu (Piaractus mesopotamicus), and correlating several 





2. Materials and methods 
2.1. Materials 
2.1.1. Fish sample preparation and storage conditions 
 
The ungutted fresh pacu (Piaractus mesopotamicus) samples (n = 20), were 
bought between February and June of 2016, from a fish farm of the state of São Paulo. The 
slaughter was carried out according to the protocol of animal ethics, minimise pain and 
distress in animals, by hypothermia and brain destruction. The fish were washed, gutted, 
filleted and transported to the laboratory on ice within 4 hours. The fillets were putted in 
individual absorbent trays, containing 20 g of each 3 fish fillets, totalizing about 60 g, and 
wrapped with PVC films. The packaged were stored at controlled isothermal conditions (0, 2, 
4, 6 and 10 ºC). The kinetic growth of the fish's natural microbiota was monitored at regular 
time intervals by analyzes of total psychrotrophic bacteria and Pseudomonas spp. counts. At 
least 15 points per each temperature were obtained. The interval to collect of the points varied 
according to the temperature (Table 1).   
At each time interval planned for both analyses, a portion of samples were 
separated, in triplicate, and stored at -18 °C for the following analyzes: 10 g for DNA; 30 g 
for NMR and 10 g for GC analysis.  
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Sampling Time (h)   
0 0 24 60 108 132 156 180 204 228 252 300 372 403.2 427.2 464 516 528 612  
2 0 24 30 60 108 132 156 180 204 228 252 300 348 372 384 464 516 564  
4 0 5.76 7.92 12 24 36 48 84 96 108 120 132 156 192 204 216 228 252 276 
6 0 5.76 7.92 12 24 36 48 84 96 108 120 132 156 168 192 204 228 252  




Previously the analyses, 
1
H NMR and DNA samples were lyophilized. First, the 
sample were placed in sterile petri dishes and covered with PVC film. Small holes were made 
on the film to allow air circulation during lyophilization. The samples returned to the freezer 
(-18 ºC), remaining until the next day. Then, they were inserted in the freeze drier (Terroni, 
LS3000, São Paulo, Brazil), until complete dehydration. 
 




The sample preparation and microbiological analysis were performed according to 
Baptista et al. (2018). At every sampling point, 10 g of sample were aseptically cut in small 
pieces and transferred to a stomacher bag containing 90 mL of sterile buffered peptone water 
(BPW) (Himedia, Mumbai, India) for obtaining 1:10 dilution, which were homogenized in a 
Stomacher 400 circulator (Model BA7021, Seward, London, England) for 1 min. Serial 
dilutions 10-fold to the desired dilution were prepared. 0.1 mL were spread in the following 
culture plates, in duplicate(i) Plate Count Agar (Kasci, Roseto degli Abruzzi, Italy) with 0.5 
% NaCl (Dinâmica, São Paulo, Brazil) for Psychotropic bacteria, incubated at 7±1 °C for 10 
days and (ii) Pseudomonas Agar Base (Oxoid Ltd, Basingstone, Hampshire, United Kingdom) 
for Pseudomonas spp., incubation at 25±1 ºC for 48±2 h. For the confirmation, 5 colonies per 
plates were randomly chosen and striated in Nutrient Agar (Kasvi, Roseto degli Abruzzi, 
Italy), incubated at 25±1 °C for 24 h. After incubation, the isolated colonies were selected for 
confirmation by Oxidase test (Laborclin, Rio Grande do Sul, Brazil) and Kligler Iron Agar 
test (Oxoid Ltd, Basingstone, Hampshire, United Kingdom). The results were expressed as 
log10 CFU g
-1
. The pseudomonas ssp. presented the following morphological characteristics: 
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circular or oval shape, low convex elevation, cream coloration, homogeneous appearance, 
medium size. 
 
2.2.2. Mathematical modeling 
 
2.2.2.1. Primary modeling 
Microbial growth data, at different temperatures (0, 2, 4, 6 and 10 ºC), were 
adjusted to according to Baranyi and Roberts (1994), using DMFit program. The model was 
employed for describe the parameters of microbiological growth: maximum population, (κ), 
maximum growth rate (μ) and lag time (λ). 
 
2.2.2.2. Secondary modeling 
 
The square root model proposed by Ratkowsky et al. (1982) (Eq. (1) was 
employed to describe how temperature influences in growth rate of the microorganism. 
                                              √μmáx = 𝑏(𝑇 − 𝑇𝑚𝑖𝑛)                                             (1)  
Where: μmáx: maximum growth rate; 𝑇: temperature; Tmin: lower growth temperature; b: slope 
of the regression line. 
 
2.2.2.3. Dynamic temperatures conditions 
 
A scenario to simulate temperature variation during fish storage was used to 
assess the prediction capabilities of the secondary model for Pseudomonas spp. and 
psycrotrophic microorganisms on fish under non-isothermal conditions.  
Pacu fillets samples were stored under non-isothermal conditions in order to 
simulating possible abuse of time and temperature. The obtaining and preparation of the pacu 
fillet samples were previously described in the item 2.1.1. Posteriorly, the samples were 
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conditioned under refrigeration in two different scenarios. In the first scenario, the pacu fillets 
samples were storage at the following temperatures sequence: 6 ºC, 0 ºC, 4 ºC, 2 ºC and 10 
ºC, remaining 12 hours for each temperature. The first scenario was realized twice, totaling 
120 hours of storage. Following the study, the same samples were storage in a second 
scenario. In the second scenario, the samples were stored in the same temperature sequence, 
that is: 6 ºC, 0 ºC, 4 ºC, 2 ºC and 10 ºC, remaining 24 hours for each temperature. This second 
scenario was realized once, until the end of shelf life. 
During refrigerated storage, microbiological analyzes of Pseudomonas spp. and 
psychotrophic were performed according previously described in item 2.2.1. The 
microbiological analyzes were carried out at different sampling times, throughout the storage. 
For each sampling point, the temperature was also measured in the pacu fillet sample. 
Mathematical model for both microorganisms was used a set of differential 
equations (EDOs) as described by Baranyi et al., (1995). These EDOs was replaced in 
equation described by Ratkowsky et al., (1982) for growth rate determination. The EDOs was 
solved through the fourth-order Runge-Kutta method available in SCILAB (Scilab 
Enterprises, 2012, version 6.0.1). This allowed to be estimated population of each 
microorganisms under isothermal conditions.  
 
2.2.2.4. Validation of model 
 
Observed and predicted responses were compared using the bias and accuracy 
factors, described by Eqs. (2) and (3) (Koutsoumanis, 2001) 
. 
















                                                          (3) 
Where: μpredicted: generation time predicted from the model; 
μ
observed:  generation time 
experimentally observed; n: number of observations.  
 
2.2.3.Gas chromatography (GC) analysis 
2.2.3.1. GC-SM samples 
 
The extraction of volatile compounds was accomplished according Xu et al. 
(2015). The Headspace Solid Phase Micro-extration (HS-SPME) technique by using a 
Divinybenzene Carboxen/Polydimethylsiloxane (DVB/CAR/PDMS) 100 µm SPME fibre and 
manual holder (Supelco, USA). 
The samples were stored at -80 °C in order to prevent loss of analytes. Before 
analysis, each sample was kept  at room temperature (± 22 ºC) for 30 min.  The samples ( 3 g) 
was transferred into headspace vials (40 mL), added 6 mL sodium chloride (0.36 g mL
-1
) and 
finally sealed with polyethylene and silicone septum cap. The vials were kept at 50 ºC for 15 
min prior to SPME analysis in order to let sample and headspace to equilibrate. Headspace 
were exposed to the SPME fiber for 15 min at 50  ºC and immediately desorbed in gas 
chromatographer injector at 250  ºC.The extraction was accomplished by the Headspace Solid 
Phase Micro-extration (HS-SPME) technique by using a Divinybenzene 








2.2.3.2. GC-SM samples 
 
Chromatographic analysis procedures were performed as described in Baptista et 
al. (2018). Agilent 7890A linked to Agilent 7000 Triple Quad triple quadrupole mass 
spectrometer (Agilent Technologies, Palo Alto, CA), with helium at flow rate of 1 mL min
-1
 
were employed. Data were acquired by using the Agilent MassHunter Workstation Software 
Qualitative and Quantitative Analysis for QQQ (Agilent Technologies Inc.). National Institute 
of Standards and Technology (Software Mass Spectral Library Version 2.0, 2011, 
Gaithersburg, Maryland, USA) MS database was employed for ion fragmentation 
consultation. All analyses were performed in splitless mode, using a liner suitable for SPME 
analysis. HP-5ms capillary column 30 m x 0.25 mm ID x 1.0 µm df (Agilent Technologies, 
Palo Alto, CA) was employed. Injector and oven temperature parameters were optimized 
from Xu et al. (2015). After extraction, desorption was performed immediately on the injector 
in the GC injector at 250°C, no splitless mode. The column temperature program was: initial 
40 ° C for 1 min , then raised to 100 ° C at 4 ° C min
-1
, after a increased to 230 ° C at 6 ° C 
min
-1
 and the final temperature was held for 1 min. 
Mass spectra were acquired using electron ionization (70 eV) ion fragmentation. 
Nitrogen and Helium were employed as collision gas. Followed by data acquisition at 
Multiple Reaction Monitoring (MRM). In order to investigate product ions and all relevant 
mass transitions (Table 1), full scan was acquired prior to MRM analysis using the following 







2.2.3.3. Biomarkers determination 
 
The biomarkers (Table 1) were chosen according to the concentration and the 
ability to be present throughout of the storage time. These were evaluated for samples 
stored at 0 ºC, 4 ºC and 10 ºC in three distinct points (initial, intermediate and final). 
A full scan analysis was carried out for those samples stored on ice and frozen. 
Fish storage biomarkers were selected from those analytes found in all storage conditions 
with significant area counts. Mass transitions (m/z) for the four elected biomarkers are shown 
in Table 2.  
 
Table 2. Mass transitions (m/z) and respective collision energies (V) acquired on Multiple 













1-Hexanol 12.497 56.0  41 5 68.9  41 5 
Nonanal 13.538 56.9  41 5 69.9  41 5 








H NMR analysis 
 
2.2.4.1. Monitoring of metabolites by 
1
H NMR spectroscopy and molecular identification 
 
1
H NMR analysis procedures were performed as described in Baptista et al. 
(2018). Fish samples (100.0 mg) were directly mixed with 800.0 μL of a stock solution of 
heavy water (D2O) (99.8 %) containing buffer (56.16 mg.mL
-1
 of Disodium phosphate 
(Na2HPO4) and 48.17 mg.mL
-1
 of NAH2PO4) and 0.13 mg.mL
-1
 of Trimethylsilylpropanoic 
acid (TMSP-d4) (internal standard to δ 0.0), automatic mixed during 3 min using 1,500 rpm at 
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room temperature, centrifuged at 806.4 g for 5 min, to collect the supernatant into 5 mm 
NMR tubes. This procedure was performed in quadruplicate for each storage temperature (0 
°C and 10 °C). 
The 
1
H NMR experiments were performed on an Agilent 600-MHz spectrometer 




P) inverse detection One Probe™ with actively shielded Z-
gradient. The 
1
H NMR spectra were acquired using the PRESAT pulse sequence for water 
suppression at 4.86 ppm. The 
1
H NMR data were acquired in triplicate with calibrated pulses 
to 90° (9.62 s pulse length at 58 dB of power), 32 scans, 64k of time domain points with a 
spectral window of 20.0 ppm, acquisition time of 5.0 s, relaxation delay of 25.0 s. A pre-fixed 
value of 36 for receiver gain was used for all the acquisitions and the temperature was 
controlled to 298 K. The spectra were processed by applying exponential multiplication of the 
FIDs by a factor of 0.3 Hz and Fourier transformation of 64k points. Phase correction was 
manually performed and the baseline correction was applied over the entire spectral range 
(Alves Filho et al., 2017). 
The identification of the constituents were performed as described in Baptista et 
al. (2018). The identification was performed through the 2D-NMR experiments of COSY 
(correlation spectroscopy), HSQC (heteronuclear single quantum coherence), and HMBC 
(heteronuclear multiple bond correlation), and by comparison using an open access database 
(www.hmdb.ca) and literature reports (Alves Filho et al., 2016; Cai et al., 2014; Lin et al., 




C chemical shifts, multiplicity, correlations and constant coupling, 2D-NMR data 
acquisition and processing are available in the Supporting Information. 
The compounds that presented high variations in chemometrics and did not 
exhibit overlapping resonances were quantified using the external reference method provided 
by VnmJ™ program (version 4.2, Agilent). The quantitative results were evaluated using the 
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analysis of variance ANOVA single factor through Origin™ 8.0 program in order to 
statistically certify the differences among the variation – significance level of 0.05, means 
comparison using Tukey test, and Levene to test the homogeneity of variance. The combined 
uncertainties were based on the analytical errors, replicates of the sampling, and standard 
deviation of the triplicate of 
1
H spectra acquisitions (Alves Filho et al., 2017). 
 
2.2.4.2. Chemometric analysis  
Chemometric analysis were performed as described in Baptista et al. (2018).  
Chemometric analysis investigated the variability of the composition of the fish samples 
stored using temperatures of 0 °C and 10 °C, during two different batches 
(February/December; and June). The 
1
H NMR spectra from the replicates of the sampling and 
triplicate of the acquisition (totaling 24 
1
H NMR spectra) were converted to American 
Standard Code for Information Interchange (ASCII) format to matrix construction, which was 
exported for chemometric analysis using The Unscrambler X™ program 10.4 (CAMO 
software, Woodbridge, NJ, USA). Singular Value Decomposition (SVD) algorithm was used 
to decompose the matrix (24 samples × 6,947 variables = 166,728 NMR data) in order to 
reduce data dimension and to observe trends of the samples variability with a confidence level 
of 95 % (Hotelling, 1933). 
In order to overcome problems related to signals shifts (misalignment tends) by 
small variation in pH and temperature, the compounds signal commonly present in the spectra 
were assignment using COW (Correlation Optimized Warping) method, even after the TMSP-
d4 calibration. PCA was carried out after the mean-centered processing over the variables and 
baseline correction with normalization over the samples since these pretreatments enhanced 






3.1. Predictive Modeling 
 
The growth curves of Pseudomonas spp. and psychrotrophic, at different chilled 
isothermal conditions (0, 2, 4, 6 and 10ºC) are shown in Figure 1. Additionally, in Table 3 are 
presented the following kinetic parameters of growth: growth rate (μmax), lag phase duration 
(tLag) and maximum population density (Nmax), as well as R
2values, which were obtained 
after the adjustment of the mathematical model. 
The curves adjusted to the primary model presented values of determination 
coefficient (R
2
) greater than 0.96 for all temperatures. The values of R
2
close to one 
demonstrate the good fit of the model to the experimental data. According Fig 1, 
Pseudomonas spp. and psychotrophic bacteria showed a similar bacterial growth profile and 
the microorganisms  showed an initial population of approximately 3.63±0.36 log CFU g
-1
and 
3.90±0.44 log CFU g
-1
, respectively. The maximum population density (Nmax) reached 
values of 9.77 ± 0.28 Log CFU g
-1
, for both microorganisms, in all temperatures studied, 
confirming the dominant microbiological of Pseudomonas spp. in the pacu fillets. 
The Tukey test demonstrated the significant influence of temperature on the 
growth rate (μmax) and lag phase duration (tLag) (P < 0.05) for both microorganisms. The 
increase in temperature caused an increase in the growth rate, concomitant with the reduction 
in microbiological adaptation time. The maximum population density (Nmax) did not 
demonstrate the significant correlation with the temperature (P > 0.05), assumed to be 








Figure 1. Growth curves of Pseudomonas spp. and Psychrotrophic in chilled Pacu at 






















































Table 3. Kinetic parameters of growth of Pseudomonas spp. and psychotrophic bacteria in chilled Pacu at different isothermal temperatures (0-
10ºC).  
 Pseudomonas spp. Psychrotrophs bacteria 




































 9.88±0.01ª 0.98±0.01 0,024±0.006ab 87.56±0.58
b





 9.24±0.04ª 0.98±0.01 0.035±0.005bc 25.02±3.99
c





 9.68±0.36ª 0.99±0.00 0.050±0.003c 22.59±2.14
c







 0.99±0.01 0.072±0.002d 14.47±4.56
c
 9.84±0.04ª 0.98±0.01 
μmax: maximum specific growth rate, tLag: adaptation time of the lag phase, Nmax: maximum cell concentration.  
a
Different letters (a-c) within the same column indicated significant (p < 0.05) differences between different storage temperatures.  
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) after 4 and 4.11 days of storage, for Pseudomonas spp. and 
psychrotrophs, respectively. While at 0 ° C, the same population density was only obtained 
after 22 and 25 days of storage, respectively. Similarly, the adaptation time increased from 
0.34 and 0.6 days at 10 °C, for values of 3.8 and 4.4 days at 0 °C, respectively. 
 
3.2. Modeling on dynamic temperature conditions 
 
In order to guarantee the effectiveness use of the real variables in the conditions of 
handling, storage and distribution, an external validation was performed, varying the 
temperature profile during the sample storage. The modeling of Pseudomonas spp. and 
psychotrophic growth under non-isothermal conditions is presented in Figure 2. Model 
Ssquare Root was used to describe the influence of temperature on the growth rate of each 
microorganism studied. The results obtained are presented in Table 4. Secondary models of 
the square root show a strong linear correlation for the growth rate of Pseudomonas spp. and 
psychotrophic, with values higher than 0.97, confirming the accuracy of the model.  
The present worked found values of Tmin for growth rate on Pseudomonas spp. 
and psychotrophic of -10.13 and -9.91, respectively. The results of Tmin are in agreement to 
the values reported by other authors, who presented values between -10.65 to -11.8 for the 
growth rates of Pseudomonas spp. in chilled fish fillets (Koutsoumanis, 2001; Koutsoumanis 
and Nychas, 2000; Taoukis et al., 1999 ). 
The results predicted in the present model were compared with the growth rates 
observed. Bias factors and accuracy for obtained for Pseudomonas spp. model were of 1.24 
and 1.49, respectively; while the same values for psychotrophic were of 1.45 and 1.49, 
respectively (Table 5). 
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Figure 2. The observed growth of Pseudomonas spp. (upside – a), and psychotrophic (bottom  
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Table 4. Secondary models of the square root for Pseudomonas spp. and psychotrophic 











Pseudomonas spp. √μmáx =0.016 (T+10.13) 0.981 0.981 
psychotrophic √μmáx =0.017 (T+9.91) 0.974 0.974 
*μmax: maximum specific growth rate (h
-1
), tLag: Time diration  of the lag phase in days,  T (ºC) 
is temperature. 
 
Table 5. Bias and accuracy factor between the values predicted and observed  by the model. 
 Pseudomonas spp. Psychotrophic 
Bias factor 1.24 1.45 
Accuracy factor 1.49 1.49 
 
 
3.3. GC Analyzes 
 
In the present work, 4 VOCs were selected for monitoring and quantification by 
gas chromatography, being 3 alcohols (1-octen-2-ol, 1-hexanol and 2-ethyl-1-hexanol) and 1 
aldehyde (nonanal). These VOCs were chosen for monitoring once exhibited an appropriate 
analytical signal and are present in our library. It was considered an appropriate analytical 
signal an area relative to 1% of the area of the highest peak presented in the chromatogram. 
The selected VOCs were provided in peak area. The results obtained are presented in Table 6. 
Analyzing the influence of time storage, each one of the VOCs studied presented 
the same behavior over storage, at the different temperature analyzed (0, 4 and 10 ºC). The 
concentration of nonanal increased during chilled storage, showing a good correlation with 
the time, however this increase was not significant (P > 0.05). 1-octen-2-ol and 2-ethyl-1-
hexanol showed a reduction in the volatile fraction. This reduction in the concentration of 
volatile compounds only was significant for octenol at 0 ºC and for 2-ethyl-1-hexanol at 
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temperatures of 0 and 10 ºC (P < 0.05). 1-Hexanol was the only volatile that did not present a 
standard behavior, increase, decrease or maintain its constant concentration during chilled 
storage.  
 
Table 6. Volatiles organic compounds in chilled Pacu storage at 0 and 10ºC. 
Compounds  Temperature (ºC) 
 0 4 10 
1-Hexanol Intermediate Point 21.10 ± 9.59aA 49.51 ± 4.28aA 1.40 ± 0.48aA 
 End point 343.34 ± 18.48aA 18.51 ± 4.98aB 2.09 ± 0.27aB 
Nonanal Intermediate Point 8.14 ± 2.97aA 4.75 ± 2.01aA 2.91 ± 1.33aA 
 End point 14.44 ± 7.31aA 6.00 ± 11.20aA 5.84 ± 5.42aA 
Octenol Intermediate Point 6.04 ± 2.35aA 2.89 ± 1.21aB 1.8 ± 1.17aB 
 End point 4.62 ± 1.86aA 0.75 ± 0.24aA 0.79 ± 0.64aA 
2Ethyl-1-
hexanol 
Intermediate Point 132.00 ± 25.10aA 41.10 ± 1.80aB 23.80 ± 5.08aB 
 End point 44.60 ± 34.90bA 15.30 ± 4.65aA 10.70 ± 1.36bA 
*The values represent the means of the 2 fish  batches, with two replicate packages and are 
reported as arbitrary units (10
3
). 
*a and b:  Different letters indicate significantly different with storage time (P < 0.05). 
*A and B: Different letters indicate significantly different with storage temperature (P < 
0.05). 
 
Analyzing the temperature change, has been observed a reduction in the 
concentration of the alcohols (1-hexanol, octenol and 2-ethyl-1-hexanol) with the temperature 
increases. This reduction was only significant for 2-Ethyl-1-hexanol and Octenol at 




H NMR Analyzes 
 
The storage temperatures between 2 °C and 8 °C did not present significant results 
according to the metabolite variations in the fish meats (data not shown), which impeded the 
achievement of relevant organic variability (crowded scores). Therefore, only the results 
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obtained for the fish stored at most drastic conditions (0 °C and 10 °C) were showed. In order 
to present the complexity for a simple visual evaluation of the 
1
H NMR data, Figure 4 
illustrates the metabolites assignment with a comparison among representatives 
1
H NMR 
spectra from the fish meats stored using two different temperatures (0 °C and 10 °C) and 
sampled during two different batches (February/December and June). Different metabolites as 
amino acids, short chain organic acids, and others were assigned. 
 
Figure 4 – Comparison among the 
1
H NMR spectra with identified compounds in fish meats 
stored at 0 °C and 10 °C and sampled during two different batches (December/ February and 
June). 
 
The major identified compounds in pacu fillets were lactic acid (doublet at δ 1.34 
and quadruplet at δ 4.13), creatine and/or phosphocreatine (singlet at δ 3.05 and δ 3.95), and 
taurine (doublet of doublets at δ 3.30 and δ 3.44). In aromatic region (δ 6.5 – 9.0), the main 
compounds detected were ATP/ADP (singlet at δ 8.57) and their decomposition products 
inosine (singlet at δ 8.48) and hypoxanthine (singlet at δ 8.23 and δ 8.24).  
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Due to the complexity of the 
1
H NMR data and the inherent similarity among the fish 
composition, PCA method was performed to investigate the variability of the organic 
composition of pacu fillets stored using different temperatures and different lots 
(December/February and June). Figure 5 presents the PCA results for the evaluation of the 
storage temperatures on the fish fillets, which showed important variations based on the first 
two principal components (PCs) with 86.4 % of the total variance. 
Clear tendencies were observed in scores graph (Fig. 5a) with the pacu fillets 
stored in 0 °C in positive scores of PC1 and those stored in 10 °C in negative values of the 
same axis. The loading graph (Fig. 5b) presented that the fish stored in 0 °C presented highest 
amounts of lactic acid, creatine and/or phosphocreatine, and histidine. The storage 
temperature of 10 °C influenced the increase in the amounts of valine, leucine, isoleucine, 
alanine, acetic acid, taurine, and choline. Additionally, an opposite behavior was detected 
between ATP and the compounds inosine, hypoxanthine and phenylalanine in the aromatic 
region (δ 6.0 – 9.0), which can be explained because after the fish death a series of enzymatic 
reactions lead to decomposition of ATP to inosine and hypoxanthine (Erikson et al., 2012). 
Therefore, the fish fillets stored in 0 °C presented higher amount of ATP of lower amounts of 
inosine, hypoxanthine, tyrosine, and phenylalanine than that stored in 10 °C. 
The compounds that presented variations in chemometric analysis and did not 
exhibit overlapping resonances were quantified and the results are shown in Figure 5. Based 
on ANOVA single factor, same tendencies observed in PCA results were detected in 
quantitative results (corroborated analyses), which demonstrated the advantage of multivariate 
analysis compared to univariate analysis (as quantification) for evaluation of the organic 
variability in foodstuff matrices. In addition, chemometric analysis was applied to fast 
obtaining of information by high-quality evaluation of the organic changes, improving the 
comprehension of the effect of different storage conditions. It is important because the 
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compounds and their degradation products are not always known, and sometimes the 





Figure 5 – PC1 vs. PC2 scores coordinate system (upside – a), and loadings (bottom – b) of 




4.1. Predictive Modeling 
The present work aimed to develop and to validate models capable of predicting 
the growth of Pseudomonas spp. and psychotrophic bacteria in refrigerated pacu fillets, at 
temperatures between 0-10 °C. Psychotrophic bacteria were chosen for fish monitoring 
because they are an indicator of the total bacterial population in refrigerated foods, your count 
level in the fish is directly related the reduction of shelf life. 
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In present study, Pseudomonas spp. was the dominant genus in the spoilage of 
chilled fish under aerobic. Similar results were reported by Koutsoumanis et al. (2006); 
Koutsoumanis and Nychas, (1999); Mikš-Krajnik et al. (2016); Parlapani et al. (2014). Gill 
and Molin (1991) and Newton and Gill (1978)  report that Pseudomonas ssp.  stands out as 
dominant microorganisms due to its high affinity by oxygen, which allows it to rapidly 
catabolize glucose and lactate in the fish matrix. In addition, Pseudomonas spp. are capable of 
metabolizing a range of substrates, including the protein in fish matrix in the presence or 
absence of soluble components. Additionally Pin, (1998) affirm that the genus Pseudomonas 
spp. was the only strain able to maintain the same growth rates in the pool of microorganisms 
and in the test with the isolated strains. Other microorganisms (i.e. Enterobacter, 
Acinetobacter sp. Lactobacillus sp.), when present in a pool of strains, were observed a 
reduction in the metabolic rate. 
Regarding the primary parameters, as observed in Figure 1 and Table 2, we 
observed the significant influence of temperature for μmax and tLag and the absence of 
significant correlation for Nmax. Several authors also have been observed the dependence of 
μmax and tLag with the temperature, who have tested Pseudomonas spp. in aerobically chilled 
fish or beef (Churchill et al., 2016, Zhang et al. 2011 and Taoukis and Koutsoumanis, 1999). 
According to Koutsoumanis et al. (2006), temperature is the main factor affecting kinetic 
parameters. The temperature affects the enzymatic reactions of the micro-organism, 
accelerating the metabolic rate. Additionally, very low temperature  are able to freeze the 
plasma membrane,  inhibit the electron transport, the proton gradient and to enzymes (Zhang 
et al., 2011). Thus, as the storage temperature decreases, the microbial metabolism becomes 
slower. 
The great challenges of the fish industry is the temperature control along the 
production chain (Hazelwood and McLean, 1998). In Brazil, temperature monitoring in the 
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fish industry is especially important for microbiological load control, due to the country's high 
average temperature. The main stages of thermal fluctuations occur in the interfaces of the 
operational process, that is, in refrigerated warehouses and hypermarkets. These impasses in 
the cold chain are due to common logistical problems, such as: the lack of good quality roads, 
the lack of proper temperature control, the lack of effectiveness on the part of the authorities 
in inspecting these facilities, as well as commercial establishments that do not comply with 
legal temperature regulations. 
According to the Brasil, (2013), the ideal storage temperature for chilled fish 
varies from 2 to 3ºC in order to control microbiological growth. When this population reaches 




, the fish is characterized as spoilage (ICSMS, 1986). Thus, in the 
present work we observed that the Pseudomonas spp. and psychotrophic bacteria in pacu 




with 7.5 and 10.6 days, 
respectively. Therefore, fish kept at this temperature should be consumed prior to 7 days. 
In addition, for a safe production and marketing of fish, an adequate standard of 
hygiene and quality must also be guaranteed during whole the production chain, through an 
adequate hygienic sanitary control of food handlers, equipment, utensils and processing 
environments (Elias et al., 2016). In this way, it is possible to avoid introducing new 
microorganisms and / or increasing the microbiological load.  
From this, the present study aimed to model an equation capable of predicting the 
growth of psychotrophic and Pseudomonas spp. in non-isothermal conditions, which may 
simulate time and temperature abuse in chilled pacu fillets. The validation of Pseudomonas 
spp. and psychotrophic growth model presented bias factors of 1.24 and 1.45, and accuracy of 
1.45 and 1.49, respectively.  
The accuracy factor observed in the present study did not demonstrate an 
excellent agreement between predicted and observed values, however, we obtained values 
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relatively close to one. Bias factor higher and close to one demonstrates that the model is able 
to predict the growth of Pseudomonas spp. and psychotrophic bacteria in refrigerated pacu 
fillets. To a shelf life study, the bias factor is expected to be greater than 1 in order for the 
model to be able to estimate the shelf life of the food before an organoleptic alteration occurs 
in the product; however the estimate should be close to 1, in order to avoid the disposal of a 
suitable product (Zurera-Cosano et al., 2006).  
The predicted models can be used to aid in decision making regarding the quality 
of the marketed product. The present study demonstrated that the growth model predicted for 
Pseudomonas spp. and psychotrophic can be used as a tool for decision making on the quality 
and safety of refrigerated pacu fillets under isothermal and dynamic conditions, from 0 to 
10ºC. 
 
4.2. GC Analyzes 
 
Several Volatile Organic Compounds (VOCs) are produced during the storage and 
can be used as indicators of freshness or deterioration of the product. The main volatiles in 
fish are alcohols and aldehydes, and to a lesser extent we can mention ketones, aromatic 
compounds, ester, among others (Selli and Cayhan, 2009). 
1-octen-2-ol, 1-hexanol, 2-ethyl-1-hexanol and nonanal are derived from the 
oxidation of unsaturated fatty acids, naturally present in fish tissues (Fakruddin et al., 2013). 
Although, some studies reported that these VOCs may also be associated with the activity of 
Pseudomonas spp., Carnobacterium and other fish spoilage, providing an additional 
contribution for the production of VOCs (Ercolini et al., 2011, 2010; Ferrocino et al., 2013). 
However, Parlapani et al., (2017) and Polo et al. (2014), when comparing culture media 
inoculated and uncultivated media, affirm that the VOCs produced in the present studied do 
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not present correlation with the microbiological activity of Pseudomonas spp. and 
psychotropic bacteria (P < 0.05). 
The behavior found for 1-hexanol and nonanal in the present study is in 
agreement with that observed by other authors during fish storage (Li et al., 2018; Odeyemi et 
al., 2018; Polo et al., 2014; Tuckey et al., 2013). In the present study was observed a 
reduction on concentration of 1-octen-2-ol and 2-ethyl-1hexanol with the time of storage, a 
According Moreira et al. (2013), 2-octen-1-ol also showed a significant reduction in the 
concentration after 2 weeks of storage.  Moreover, Padda et al. (2001) reported that alcohols 
may be oxidized to ketones or may be esterified with carboxylic acids to form ester, during 
storage (Peterson and Chang, 1982), that should justify the reduction of these compounds. 
In regarding the influence of temperature on VOC production, it was observed the 
reduction in the concentration of the alcohols (octenol, 2-ethyl-1-hexanol and 1-hexanol) with 
the increase of the temperature.  
Selli and Cayhan (2009) reported that the production of volatile alcohols occurs 
by the action of the lipoxygenase enzyme in n−3 and n−6 polyunsaturated fatty acids. It is 
known that lipoxygenase activity is directly influenced by storage temperature. Hsieh et al. 
(1988) report that at 0 °C, lipoxygenase activity in rainbow trout gills corresponds to 60 %, 
being already observed a high enzymatic activity; while at temperatures between 10 ºC, the 
activity corresponds to 90 %. Therefore, the increase in temperature should contribute to a 
higher activity of the enzymes and, consequently, a higher production of VOCs.  
However, the reduction observed in concentration should be associated with 
oxidation of alcohols to ketone, which occurs about the end of the storage period. In the 
present study, the microbiological counts at the intermediate and final times of sampling were 
approximately 7 and 9 log CFU g
-1
, respectively, for all temperatures studied (0, 4 and 10 °C). 
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According to Stannard (1997), the shelf life of chilled fish estimated at 7.0 log CFU g
-1
for 




H NMR Analyzes 
 
The pacu fillets stored in 0 °C presented higher amount of ATP, latic acid, 
creatine and/ou phosphocreatine, and lower amounts of inosine and hypoxanthine than the 
samples stored at 10 °C. Soon after fish slaughter, phosphocreatine is used as an energy 
source for the generation of ATP from ADP, with a consequent increase in creatine (Shah et 
al., 2010). In parallel, glucose is used to generate energy. The compound is cleaved 
anaerobically, resulting in accumulation of lactic acid during storage. The reduction in lactic 
acid activity observed in the present study can be attributed to the microbiological activity of 
lactic acid bacteria and Enterobacteriaceae, which are reported to consume or produce lactate 
during post mortem (Drosinos and Nychas, 1997). 
Subsequently, in the post-mortem, ATP will be used for muscle contractions, 
being dephosphorylated in ADP and AMP, through endogenous enzymes. While the AMP 
will be decomposed, with chain formation of inosine and, subsequently, hypoxanthine, 
originated mainly from bacterial spoilage (Wyss and Kaddurah-Daouk, 2000). Therefore, the 
results of the present study indicate that pacu fillets presented greater spoilage in the 
temperature of 10 ºC than at 0 ºC, due to the increase of the activity of endogenous enzymes 
and by the microbial activity. 
In addition, the samples stored at 10 ºC showed higher amount of valine, leucine, 
isoleucine, phenylalanine, alanine, acetic acid, taurine and lower amounts of histidine, when 
compared to fillet fish stored at 0 °C. Confirming that pacu fillets present a spoilage more 
pronounced at highest temperature.  
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Amino acids such as valine, leucine, isoleucine, phenylalanine, tyrosine and 
alanine increase considerably during the storage, due to protein hydrolysis, either by the 
action of protein enzymes present in the matrix or from microbiological metabolism, such as 
Pseudomonas, Bacillus, Aeromonas and Vibrio spp. (Liao et al., 2018; Rao et al., 1998). 
Moreover, the amino acid histidine comes from decarboxylated amino acid histamine, 
resulting from the activity of spoilage bacterial, such as Morganella morganii, Klebsiella 
pneumoniae, Hafnia alvei, Pseudomonas putrefaciens, and Clostridium perfringens (Chen et 
al., 1987; Marrow et al., 1991; Middlebrooks et al., 1988). Additionaly, acetic acid is also 
metabolized in the fish matrix, being exclusively associated with bacterial activity. Authors 
report that the production of acetic acid is associated with B. thermosphacta, lactic acid 
bacterial, S. putrefaciens and P. phosphoreum growth (Gram et al., 2002; Macé et al., 2013; 
Nychas et al., 2008). 
The taurine signal was also noted in Figure 7. Taurine is a non-protein amino acid 
widely found in animal origin products, its concentration differs widely between protein 
sources. This amino acid is not involved in autolysis reactions, however it can be used by 
strains of Pseudomonas spp. as an energy source (Shimamoto and Berk, 1979). Additionally, 
some unknown metabolic activities contribute to its slight growth trend, according observed 




The present study demonstrated that the growth model predicted for Pseudomonas 
spp. and psychotrophic can be used as a tool for decision making on the quality and safety of 
refrigerated pacu fillets under isothermal and dynamic conditions, from 0 to 10 ºC. The 
present worked found values of Tmin for growth rate on Pseudomonas spp. and psychotrophic 
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of -10.13 and -9.91, respectively. Moreover, additional investigations are required on VOCs 
profiles formed during spoilage fish, in order to determine compound volatiles that correlation 
with microbial. 
1
H NMR analyzes indicated that pacu fillets presented greater spoilage in the 
temperature of 10 ºC than at 0 ºC, indicating an increased activity of endogenous enzymes and 
the microbiological activity. It was also observed the increase of non-volatile metabolites over 
storage, suggesting possible spoilage indicators.  
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Seafood is a highly perishable food, presenting a rapid loss of its quality soon after capture. 
Temperature is the most important parameter that influences the reduction of its shelf life and 
can contribute to the growth of potential pathogens and spoilage on food. In recent years, it is 
observed the search by additional methods of preserving seafood, able of ensure the quality 
and safety. Several natural preservatives have highlighted and gained great attention by 
scientific community, consumers, industry and health sectors as a method with broad action 
antimicrobial and generally economic. Natural preservatives, from different sources have 
been widely studied, such as: chitosan from animal sources; essential oils and plant extracts 
from plant source, lactic acid bacteria and bacteriocins from microbiological sources and 
organic acid from different sources, all with great potential for use in seafood systems. This 
review focuses on the natural preservatives studied in seafood matrices, their forms of 
application, concentrations usually employed, their mechanisms of action, factors that 
interfere in their use and the synergistic effect of the interactions among the natural 
preservatives, with focus for maintenance of quality and ensure of food safety. 
 






Seafood is a highly perishable food, occurring the loss of its quality due to the 
enzymatic and microbiological reactions that begin soon after its capture. To brake these 
reactions, temperature is the most important parameter, capable of reducing the activity of 
enzymes and microorganisms (Cakli, Kilinc, Cadun, Dincer, & Tolasa, 2007; Mano, Pereda, 
& Fernando, 2002). 
Within technologies that use cold for conservation, the use of ice is commonly 
employed in fairs and markets. The use of ice in conservation is a bacteriostatic method, not 
completely inhibiting the reactions in the fish matrix, allowing a shelf life in average of some 
weeks. To prolong its quality (inhibiting spoilage and enzymes) as well as ensuring inhibition 
of pathogens, additional methods have been extensively studied (Ashie, Smith, & Simpson, 
1996). 
Natural additives have been the main focus of literature because of their broad 
action antimicrobial and for contributing to a minimally processed product. In addition, it is 
an alternative for synthetic chemical additives and heating techniques that may negatively 
impact the sensory attributes of fresh seafood and/or consumer health (Smid & Gorris, 1999).  
Seafood with fresh appearance and no chemical preservatives have been a requirement 
of the consumer market, dictating seafood industry and traders guidelines for conservation 
methods. In addition, the use of natural additives also aims to ensure the microbiological 
safety of seafood by inhibiting the growth of pathogenic potencies of seafood origin. 
In this sense, a wide range of natural preservatives have been extensively studied 
and exploited for their antimicrobial and antioxidant activity, ensuring quality and safety in 
fish. Among the natural additives, we can group them into 4 classes according to their origin: 
(1) from plants: essential oils and plants extracts; (2) microbiological origin: bacteriocin and 
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lactic acid bacteria; (3) commercially produced from animals: chitosan; (4) multiple origins: 
organic acids. 
Therefore, the aim of this review is to discuss the natural preservatives that are 
being studied in seafood, their mechanisms of action against microorganisms and against lipid 
oxidation, factors that interferes in their effectiveness, forms of application, and especially the 
synergistic effect of the interactions among natural additives, as well as with other 
techniques, such as the reduction of O2, by the use of vacuum and modified atmosphere 
 
2.Plant products as preservatives 
 
2.1. Essential oil and plant extract 
 
There are a great diversity of species of plants that can be exploited and employed 
as  preservatives, however only 10% are being used, and within this group, the main focus is 
the medicinal purpose (Moerman, 1996). 
Plants have a high potential as natural food additives because of their preservative 
properties, which has been explained on the basis in a wide range of bioactive compouds. 
These compounds are by-products of metabolism of plants, produced as a defense mechanism 
against the antagonistic microbial flora and animals. They can be grouped into 3 major 
groups: terpenes, phenolic and alkaloids (Cowan, 1999; Edeoga, Okwu, & Mbaebie, 2005). It 
is activity is a function of the functional groups present in the compound and in the structure 
of the molecule.  
The chemical structure of phenolic compounds is represented by an aromatic ring 
containing one or more hydroxyl groups, in a simple molecular structure or with a high degree 
of polymerization (Bravo et al., 1998). This group includes flavonoids, hydroxybenzoic acids 
and hydroxycinnamic acids (Nicholson and Hammerschmidt 1992). It is reported that 
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phenolic compounds are widely found in nature and their stand out for the highest 
antimicrobial activities (Ojagh, Rezaei, Razavi, & HashemHosseini, 2010). 
Terpenes are isoprenes of 5 carbons (C5H8)n. They present a simple or 
polymerized molecular structure, and can also present oxygen atoms (called terpenoids), 
resulting in different chemical functions, such as aldehydes, ketones, alcohols, among others, 
(Yadav, Yadav & Goyal, 2014). 
Alkaloids are cyclic organic compounds containing nitrogen atoms. They are 
synthesized by living organisms (mainly plants), from amino acids. In this group are included 
compounds with potential effect on the nervous system, such as caffeine, atropine, nicotine 
and others (Freeman & Beattie, 2008).  
Bioactive phytochemicals are found in different part of plant, such as flowers, 
green parts (leaves and stems), bark, wood, whole fruits, pericarp or seed only, or roots ( 
Novak, Draxler, Göhler, & Franz, 2005; Olawore, Ogunwande, Ekundayo, & Adeleke, 2005). 
They are extracted from plants and marketed in the form of essential oils or plants extracts. 
Essential oils (EO) are oily liquids, volatile and mainly obtained by a steam distillation 
process (Van de Braak & Leijten, 1999). The plants extract (PE) are plant materials 
previously washed, dry, ground and extracted with solvents (Sasidharan, Chen, Saravanan, 
Sundram, & Yoga Latha, 2011). 
EO and PE constitute a mixture of compounds phytochemicals, with different 
quite concentrations. Their chemical composition will depend of the type of plant and the part 
of the plant used in the extraction. Although the concentration of the major components can 
reach up to 85 %, the minority components are of fundamental importance for the 
preservative properties, contributing to the synergistic effects (Senatore, 1996). The 
composition of some PE and EO is shown in Table 1.  
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 Table 1. Active compounds of plants. 
Natural 
additives of plants 
Compounds Active Ref. 
Rosemary (Rosmarinus 
officinalis) 
Carnosic acid and carnosol are the most important component, followed by rosmanol, epirosmanol, 7-
methylepirosmanol and methyl carnosate, which are most abundant in the fat-soluble fraction. While 
genkwanin, hispidulin-O-glucoside, cirsimaritin, luteolin and isoscutellarein 7-O-glucoside and other 
phenolic compounds, such as caffeic acid and rosmarinic acid, the latter constituting the main 
component in the hydrosoluble fraction. 
Baño et al. (2003); Hopia, 
Huang, Schwarz, German & 




Cinnamaldehyde is the major component Holley & Dhaval, (2005); 
Pei et al. ( 2009) 
Cumin (Cuminum cyminum) Cuminaldehyde, β-pinene, ρ-cymene, limonene, geranyl acetate, eugenol, α-pinene and sabinene Burt, (2004); Gachkar et al. 
(2007) 
Thyme (Thymus vulgaris) Timol (44-60%) e carvacrol (2.2-4.2 %) Solomakos, Govaris, Koidis 
& Botsoglou, (2008) 
Laurel (Laurus nobilis) α-pinene, sabinene, β-pinene, 1.8-cineole, linalool, terpinen-4-ol, α-terpineol and α-terpinyl acetate Bouzouita et al. (2001); 
Burt, (2004) 
Oregano (Origanum vulgare) Carvacrol and thymol are the major components, but also present rosmarinic acid, caffeic acid., 
tocopherols, p-cymene and λ-terpinene 
Baydar, Sagdiç, Ozkan & 
Karadogan, (2004); 





Eugenol, carvacrol and thymol  Hudaib et al. (2002) 
Myrtle (Myrtus communis) α-pinene (36.08 %), myrtenyl acetate (23.7–39.0 %), 1.8-cineole (22.63 %) and limonene (15.14 %)  
 
Chryssavgi, Vassiliki, 
Athanasios, Kibouris & 
Michael, (2008); Kiralan, 




The bioactive compounds of plant are Generally Recognized as Safe (GRAS) for 
consumption. Additionally, they are efficient in the control of pathogens and spoilages in food 
(Calo, Crandall, O’Bryan & Ricke, 2015; Gyawali & Ibrahim, 2014), prevent inflammation, 
allergies and cytotoxicity (Harbone & Williams, 2000) and, some essential oils, also exhibit 
spasmogenic and/or spasmolytic activity (Lis-balchin, Hart, Deans & Eaglesham, 1996; 
Madeira, Matos, Leal-Cardoso & Criddle, 2002)   
 
2.1.1. Antibacterial activity of EP and EO 
 
The bioactives compounds shows different mechanisms of action according the group 
of microorganisms and their activities that take place simultaneously (Burt, 2004). In 
generally, the mechanisms of action include:  
 (a) Lipophilic hydrocarbons, such as terpenes and phenolics, solubilize in the lipid 
bilayers of the plasma membrane and of the mitochondria, contribute to destabilize the 
cellular structure and increase its permeability (Knobloch, Weigand, Weis, Schwarm, & 
Vigenschow, 1986; Sikkematb, Bontt, & Poolman, 1994), leading the loss of cellular 
constituents, besides disturbing the active transport of substances (Otake, Makimura, Kuroki, 
Nishihara, & Hirasawa, 1991) (Davidson, 2001; Denyer & Hugo, 1991; Sikkema, Jan, & 
Poolman, 1995);  
(b) Lipophilic hydrocarbons may also interact with hydrophobic portions of proteins, 
which are embedded in the plasma membrane and destabilize the protein-lipid interaction. It 
is possible to mention the interaction of cyclic hydrocarbons with the enzymes ATPase 
(Knobloch, Pauli, Iberl, Weigand, & Weis, 1989; Sikkema et al., 1995); 
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(c) Coumarin and alkaloids are reported for their action on desoxyribonucleic acid 
(DNA) and ribonucleic acid (RNA), delaying the growth of the microorganism. This process 
is still not well understood (Cowan, 1999); 
(d) generation of hydroperoxides from polyphenols by oxygenation of unsaturated 
fatty acids (Akagawa, Shigemitsu, & Suyama, 2003). 
(e) the presence of organic acids results: (1) interrupts oxidation processes to NADH 
in the electron transport chain (Davidson, 1997); (2) when the acid is not dissociated, it is able 
to easily permeate the plasma membrane. Internally, its dissociation results in a decrease in 
cell pH and, consequently, generates changes in the permeability of the membrane and in the 
transport of the substance (Davidson, 1997). 
 
2.1.2. Antioxidant activity of EP and EO 
 
The antioxidant activity of EP and EO is mainly due to the large amount of phenolic 
compounds. Phenolic compounds have one or more hydroxyl groups, capable of donating 
hydrogen atoms to free radicals, inhibiting oxidative reactions. Moreover, the presence of a 
pair of unshared electrons allows them to complex with metallic ions and oxygen, responsible 
for inducing lipid oxidation (Gramza, Khokhar, Gliszczynska-swiglo, Hes, & Korczak, 2006). 
Among the factors that influence on antioxidant activity, it can be reported: (1) strong 
tendency of some flavonoids to suffer polymerization, however, when a high degree of 
polymerization is achieved, the availability of hydroxyl groups and the antioxidant capacity 
decrease; (2) interact among different phenolic compounds (Pinelo, Manzocco, Nunez, & 
Nicoli, 2004); (3) interaction between polyphenols and proteins, reducing the availability of 




2.1.3. Factors that influence the composition of PE and EO 
 
The preservative activity of bioactive compounds can be affected by several 
factors: related the biotic characteristics of the plant, the chemical structure of the bioactive 
and its concentration in the OE and PE, the characteristics of the food, the storage conditions 
and the type and number of microorganisms present in the food. 
Regarding the biotic factors of the plant, the composition and concentration of the 
bioactive can be affected by geographical origin, the season of the year and the climate 
variations in the same season. These factors will determine the natural elements present in 
each region, such as soil richness, changes in temperature and rainfall, as well as the amount 
of light received, influencing in the synthesis and concentration of secondary metabolites 
produced by the plant (Cosentino et al., 1999; Faleiro, 2011; Marino, Bersani, & Comi, 1999; 
Mcgimpsey, Douglas, Klink, Beauregard, & Perry, 1994).  
Additionally, the collection of the leaves during or after flowering will contribute 
to a higher phenolic content; while the part of the plant used on extraction (seeds, leaves, 
roots, among others) will influences in the bioactive compound profile in oils and extracts 
(Marino et al., 1999; Mcgimpsey et al., 1994). 
In relation to the structure of the bioactive compound, it will define its mechanism 
of action and, therefore, its target site (s) in the microorganism (Dorman, Deans, Merr, & 
Myrtaceae, 2000; Helander et al., 1998; Helander, Alakomi, Latva-kala, & Koski, 1997). Its 
concentration determines whether its mechanism of action will be to act on enzymes of 
energy metabolism or to denature proteins, depending on whether it is in low or high 
concentration, respectively (Tiwari et al., 2009). 
In relation the characteristics of the food, bioactivity can be reduce in food 
systems due the presence of interfering compounds, such as the nutrients of food, 
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antioxidants, preservatives and additives (Bakkali, Averbeck, Averbeck, & Idaomar, 2008). 
For example, the rich nutritional composition of the food, provides conditions to bacterial 
adaptation and growth, making it more resistant to bioactive compounds (Gill, Delaquis, 
Russo, & Holley, 2002). Food protein can be combined with phenolic compounds, reducing 
the bioactive; similarly, high concentrations of fats provide a protective layer on bacteria 
(Carson & Riley, 2003; Smith-Palmer, Stewart, & Fyfe, 2001). The effect of NaCl will vary 
according to the type of microorganism and antimicrobial used, which may influence or 
inhibit the growth. Low humidity foods are also reported by inhibiting the action of 
antibacterial compounds (Smith-Palmer et al., 2001). In relation to the pH of the 
medium/food, the acid pH favors the solubilization of OE (which are hydrophobic) in 
membrane phospholipids and favors its binding with proteins (Negi, 2012). 
Regarding storage conditions, an increase in the storage temperature favors the 
volatilization of OE and, consequently, greater activity (Tyagi, Gottardi, Malik, & Elisabetta, 
2013). The packaging of food with a lower O2 content inhibits the oxidation of phenolic 
compounds (Juven et al., 1994). 
Regarding the type and count of microorganisms, gram negative bacteria are more 
resistant to antimicrobial than gram positive, due to the external lipopolysaccharide 
membrane, which prevents the passage of the bioactive (Ratledge & Wilkinson, 1988; Bezic, 
Skocibusic, Dunkic, & Radonic, 2003; Davidson & Branen, 2005). Additionally, a highly 
contaminated food should require a greater concentration of bioactive (Klancnik, Piskernik, 
Mozina, Gasperlin, & Jersek, 2011; Lambert, Skandamis, Coote, & Nychas, 2001).  However, 





2.1.4. OEs and plants extracts in seafood 
         The application of EO and PE in the seafood is usually applied in concentrations in the 
range of 0.1-1 %, however, some articles have studied higher concentrations, such 2 and 3 % 
(Table 2). The main techniques of application of antimicrobial in seafood is using an 
immersion treatment, with an average time of 30 minutes, followed by the stage of drainage 
of the product; or applied directly on the surface of the seafood, being equally distributed on 
both sides (Table 2). 
Among the natural preservatives that have been tested in seafood, the rosemary 
extract/oil have been the most studied and the most commonly marketed, probably due to its 
an excellent antioxidant and antimicrobial activity . Some authors have shown that rosemary 
extracts are more effective for reducing microbial growth and inhibition the formation of Free 
Fatty Acids (FFA), Thiobarbituric Acid Value (TBA) and Peroxide Value (PV)  in seafood 
than other phenolic compounds, such as: sage tea, tea polyphenols, thyme and clove oils 
(Kenar, Ozogul, & Kuley 2010; Guran, Oksuztepe, Coban, & Incili, 2015; Li et al. (2012). 
Moreover, Kenar, Ozogul, & Kuley (2010) reports that sage tea indicating a prooxidant effect 
on fish muscle.  
Further, rosemary extracts and sage tea, alone, demonstrated to be efficient in reducing 
histamine, putrescine and cadaverine in sardine (Sardina pilchardus) fillets, presenting a 
content 100 times smaller than the control group (Ozogul, Ozogul, & Boga, 2011).  
Several phenolic diterpenes have been described as constituents of rosemary, the main 
compound present are carnosic acid and its derivatives, such as carnosol, rosmanol, 
epirosmanol, 7-methylepirosmanol and methyl carnosate, which are most abundant in the fat-
soluble fraction. Flavonoids are also describe, such as genkwanin, hispidulin-O-glucoside, 
cirsimaritin, luteolin, isoscutellarein 7-O-glucoside and, the latter constituting,  caffeic acid 
and rosmarinic acid, the main component in the hydrosoluble fraction (del Baño et al., 2003). 
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Table 2. Preservative activity of Essential Oils (EO) and Plant Extracts (PE) in seafood. 
EO and PE App.
1
 Seafood Species Additional treatment Reference 
Oregano, thyme, and star anise 
Oil (0.1 % ) 
Dip Grass carp 
(Ctenopharyngodon idellus) 
Storage at 4 ºC Huang et al. (2018) 
Cinnamon essential oil (1 %) Dip Salmon Storage at 4 ºC and  
MAP/vacuum packaging 
Haute et al.  (2017) 
Ginger essential oil (0.3 %) Fil. cobia (Rachycentron canadum) 
fish steaks 
Storage at 4 ºC and   O2 
scavenger and Films 
Remya et al. (2017) 
Grape seed extract and 
Ziziphora clinopodioides 
essential oil (1 and 2 % / each) 
 Minced trout fillet Storage at 4 ºC Kakaei & Shahbazi (2016) 
Cumin and mint leaf extracts (3 
and 6 %) 
Dip Rainbow trout 
(Oncorhynchus mykiss) 
Storage at 4 ºC Raeisi, Quek, Ojagh & Alishahi 
(2015)  
Red Grape Pomace Extract (1 -
3 %) 
Dip Rainbow Trout (Oncorhynchus 
mykiss) 
Storage at 4 ºC Gai, Ortoffi, Giancotti, Medana & 
Peiretti (2015)  
4 ml L
-1
 Clove, cumin and 
spearmint oils 
Pap. Red drum (Sciaenops ocellatus) 
fillets  
Storage at 4 ºC Cai et al. (2015)  
Dill (Anethum sowa Kurtz) 
extracts (10 and 20 %)  
Dip Mackerel fillets Storage at 4 ºC Kannaiyan,  Gunasekaran, 
Kannuchamy, Thachil &Gudipati 
(2015)  









Mix. Bonito Fish (Sarda sarda Bloch, 
1793) 
fish patty  and stored at 4 °C  Guran et al. (2015)  
Black Cumin (1 %), Black 
Caraway Extracts (1 %). 
Dip Silver Carp (Hypophthalmichthys 
molitrix) 
Storage at 4 ºC Eskandari et al. (2015)  
Mint (Mentha arvensis) leaf  
(0.5 %) and citrus (Citrus 
aurantium) peel extracts (1 %) 
Dip Indian mackerel Chill stored (0-2 ºC) Viji et al. (2015) 
Rosemary and thyme essential 
oils (300 mL L
-1
/ each) 
Mar Crayfish (Astacus leptodactylus 
Esch., 1823)  
Marinated and stored at 4 ºC Duman et al. (2015) 
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EO and PE App.
1
 Seafood Species Additional treatment Reference 
Extracts Mentha spicata l. and 
Artemisia campestris (1 % 
/each)  
Dip Sardine Fillets Vacuum-packed refrigerated Houicher et al. (2015) 
Water extract of propolis (0.1, 
0.3 and 0.5 %), 
 Shibuta (Barbus grypus) fillets Storage at 2 ºC. Muhsine Duman & Özpolat (2015) 
Rosemary extract (0.2 %) Dip Pompano (Trachinotus ovatus) 
fillet 
Nisin and storage at 4 ºC Gao et al. (2014) 
 
Laurel and myrtle extracts (1 
%) 




Ozogul et al. (2014)  
Sunflower oil Mar. Sea bass (Dicentrarchus labrax) 
fillets 
Marinating and chilled Baygar et al.  (2014) 
Thyme  (0.04 %), oregano  
(0.03 %)  and clove  (0.02 %) 
extracts 
Dip Anchovy (Engraulis 
encrasicholus) 
Ice storage Bensid et al. 2014 
Containing oregano or thyme 
essential oil (1 %/ each) 
Fil. rainbow trout (Oncorhynchus 
mykiss) fillets 
Storage at 4 ºC and quince 
seed mucilage film 
Jouki et al. (2014) 
Bayberry leaf extract (0.2 %) Dip Large yellow croaker 
(Pseudosciaena crocea) 
Storage at 4 ºC Su et al. (2014) 
Clove essential oil Fil Sardine patties Sunflower protein films Salgado et al. (2013) 
Rosemary oil  (0.5, 1 and 1.5 
%) 
Mar. Rainbow trout fillets Marinating Can & Ersan (2013) 
Clove oil (Eugenia 
caryophyllata) (0.1-1 %) 
Surf. Rainbow trout fillet Smoked and  storage at  2 ºC  Çoban & Patir, 2013 
Mentha spicata and Artemisia 
campestris Extracts (1 %/ each) 
Dip Sardine 
(Sardina pilchardus) Fillets 
Vacuum-packed refrigerated Houicher et al. (2013) 
Strawflower and mistletoe 
extract  (0.5 %) 
Dip Rainbow trout Storage at 2 ºC Ozogul, Kus & Kuley (2013)  
Oregano, green tea, sage and 
laurel extracts (0.3-0.6 %/each) 
Mix. Chub Mackerel (Scomber 
japonicus)  Burgers 
 
Burgers and frozen Ozogul & Uçar (2013)  
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EO and PE App.
1
 Seafood Species Additional treatment Reference 
Shallot extract (1.5 %) Dip Rainbow trout Vacuum packed and storage at 4 
ºC 
Pezeshk, Hosseini, Rezaei & 
Khaksar (2013)  
Tea polyphenols and rosemary 
extract (0.2 %/each) 
Dip Crucian carp (Carassius auratus) Storage at 4 ºC Li et al. (2012)  
Cinnamon essential oil (0.1 – 
0.5 %) 
Dip Pacific white shrimp (Litopenaeus 
vannamei) 
Storage at 4 ºC Mu, Chen, Fang, Mao & Gao 
(2012)  
Green tea extract (10 %) Boi. Pacific oysters (Crassostrea gigas) Storage at 5 ºC Xi, Liu, & Su (2012) 
Green Tea Extract (0.1 %) Dip. Pacific white shrimp (Litopenaeus 
vannamei) 
Ascorbic acid and iced storage Nirmal & Benjakul (2012) 
Tea polyphenols (0.01-0.03 %) Mix. Collichthys Fish balls Vacuum packed  and stored at 0 
ºC 
Yi et al. (2011) 
     
Laurel and cumin essential oils 
(0.5 %) 
Sur. Sea bream (Sparus aurata)  fillets Ice storage and  vacuum 
packaged 
Attouchi & Sadok (2012)  
Rosemary and sage tea extract 
(1 %) 
Dip Sardine (Sardina pilchardus) fillets Stored at 3 ºC Ozogul, Kuley & Kenar (2011)  
Rosemary extracts (0.05 % and 
0.1 %) 
Ice Sardine (Sardinella aurita) Ice storage Özyurt et al. (2011)  
Thyme or laurel essential oil (1 
% / each) 
Sur. Bluefish (Pomatomus saltatrix) Stored in ice  Erkan & Tosun (2011)  
Powdered thyme  (1 %) Sur. Sea bream (S. aurata) fillets Ice storage Attouchi & Sadok (2010)  
Rosemary and sage tea 
extracts (1 % / each) 
Dip Sardine (Sardina pilchardus) fillets Vacuum-packed and refrigerated Kenar et al. (2010) 
Cinnamon oil (1.5 %) Coa. Rainbow trout Chitosan coating and storage at 
4 ºC 
Ojagh et al. (2010) 




Fil. Cod (Gadus morhua) fillets Gelatine-chitosan-Films,  
vacuum and  storage at 2 ºC 
Gómez-Estaca et al. (2010) 
Oregano essential oil (0.2  and 
0.4 %) 
Sur. Rainbow trout (O. mykiss) Salted, vacuum packaged and 
storage at 4 ºC 
Frangos et al. (2010) 
Oregano essential oil (0.2  and 
0.4 %) 
Sur. Mediterranean octopus Vacuum packaged and storage at 
4 ºC 




App - forms of application: Ice - preparation of ice; Dip - preparation by immersion; Pap - inoculation on filter paper; Fil - inoculation on films; 
Mar. - marination; Sur. - inoculation on surface; Mix. - Mixture in the formulation of a product; Boi - boiling tea leave 
     
EO and PE App.
1
 Seafood Species Additional treatment Reference 
Thyme essential oil (0.1 %) Sur. Fresh Mediterranean swordfish 
Fillets 
Air or Modified Atmosphere  
Packaging and storage at 4 ºC 
Kykkidou et al. (2009) 
Extracts of oregano and 
rosemary Leaves (0.66 – 4 %) 
Ice Chilean jack mackerel (Trachurus 
murphyi)  
Stored in ice Quitral et al., (2009)  
Oregano essential oil  (0.4 %) Surf. Tainbow trout fillets (Onchorynchus 
mykiss) 
Oxygen absorber and storage at 
4 ºC 
Mexis et al. (2009)  
Majorana syriaca  extract (0–
0.39 %) 
 Yellowfin tuna Storage at 0 ºC Al-bandak et al. (2009)  
Tea polyphenol  (0.2 %) Sur. Silver carp (Hypophthalmicthys 
molitrix) 
Storage in ice  Fan et al. (2008)  
Oregano essential oil (0.2 – 0.8 
%) 
 Sea bream (Sparus aurata) Salting, modified atmosphere 
packaging  and storage at 4 ºC 
Goulas & Kontominas (2007) 
Rosemary extract (0.2 %) Sur. Salmon (Salmo salar) fillets Ascorbic acid,  modified 
atmosphere and stored at 1 ºC 
Giménez et al. (2005) 
Rosemary extract (0.2 %) Sur. Sea bream fillets (Sparus aurata) Ascorbic acid,  modified 
atmosphere and stored at 1 ºC 
Giménez et al. (2004) 
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In commercial extracts, the main compounds detected were carnosic acid, carnosol 
and rosmarinic (Cuvelier et al., 1996). Gill et al. (2002) reports that minor components may 
have a strong antimicrobial effect, being critical for the efficacy of EO and PE. 
Thyme, oregano and clove have received considerable attention for their antimicrobial 
activity. Their preservative action can be attributed its mainly phenolic constituents: thymol, 
carvacrol and eugenol, respectively ( Burt, 2004; Hyldgaard, Mygind, Meyer, & Debabov, 
2012). 
Rosemary, thyme and clove are reported to inhibit total or partial growth of 
Salmonella cholerasuis, Lactobacillus acidophilus, Staphylococcus aureus, Bacillus cereus, 
Clostridium perfringens, Aeromonas hydrophila and Photobacterium phosphoreum (Gómez-
Estaca, López de Lacey, López-Caballero, Gómez-Guillén, & Montero, 2010). 
The essential oil of oregano presented MIC values of  0.5 mg mL
-1
 against S. aureus 
and E. coli; 0.125 mg mL
-1
 against M. smegmatis and Vibrio cholera (Prudent, Perineau, 
Bessiere, Michel, & Baccou, 1995). Although Prudent et al. (1995) report that the essential oil 
of oregano does not present microbial activity against S. faecalis and P. aeruginosa.. Lambert 
et al. (2001) show that the proper proportions of the main constituents of the essential oil of 
oregano (carvacrol and thyme) are able of inhibit Pseudomonas aureaginosa growth. 
Gómez-Estaca et al. (2010) evaluated the activity of 8 essential oils (Clove, Fennel, 
Cypress, Lavender, Thyme, Herb-of-the-cross, Pine and Rosemary) against the activity of 18 
bacterial strains. Clove oil was noted for its higher antimicrobial activity, followed by 
rosemary and lavender oils, while Pina oil was reported with the lowest activity. 
C. perfringens, B. cereus and S. aureus were the most sensitive microorganisms to 
antimicrobials, while Pseudomonas spp., C. freundii, Y. enterocolitica and Listeria spp, the 
most resistant. The resistance of gram-negative bacteria is due to the presence of the outer 
lipopolysaccharide membrane, which inhibits the penetration of the compounds into the cell 
141 
 
(Ouattara, Simard, Holley, Piette & Bégin, 1997). Gram-positive bacteria Listeria spp., 
showed similar resistance to gram negative. 
Gómez-Estaca et al. (2010) showed that none of the essential oils studied were able to 
inhibit Pseudomonas aeruginosa and Pseudomonas fluorescens, nor even the rosemary, 
thyme and clove oils that are among the major oils used in seafood. Similar results were 
observed by (Huang, Liu, Jia, Zhang & Luo, 2018) reporting that Pseudomonas spp. was the 
only microorganism with high resistance to the essential oils of oregano, thyme, and star 
anise. Different results have been shown by (Ouattara et al., 1997), in which oils of clove and 
rosemary are reported capable of inhibiting the growth of P. fluorescens. 
Alternatives have been studied to increase the quality and safety of seafood, inhibiting 
the growth of pathogens and spoilage. The main methods studied aim to combine the use of 
EO and EP with alternative methods, such as the use of oxygen absorbers, vacuum packing or 
modified atmosphere, in order to reduce or eliminate the atmospheric oxygen present in the 
package, inhibiting the growth of aerobic microorganisms (i.e. pseudomonas, main seafood 
spoilage under aerobiose) the lipid oxidation reactions (Atrea, Papavergou, Amvrosiadis, & 
Savvaidis, 2009; Conte & Nobile, 2010; Frangos, Pyrgotou, Giatrakou, Ntzimani, & 
Savvaidis, 2010; Haute, Raes, Devlieghere, & Sampers, 2017; Kykkidou, Giatrakou, 
Papavergou, Kontominas, & Savvaidis, 2009; Mexis, Chouliara, & Kontominas, 2009; 
Remya, Mohan, Venkateshwarlu, Sivaraman, & Ravishankar, 2017). Another widely studied 
alternative is the incorporation of the OE into packaging films and coatings. Polymers 
contribute to their preservative effects on seafood (Gómez-Estaca et al., 2010; Jouki, Yazdia, 
Mortazavia, Koocheki, & Khazaei, 2014; Kakaei & Shahbazi, 2016; Salgado, López-
Caballero, Gómez-Guillén, Mauri, & Montero, 2013; Teixeira et al., 2014).  
Gómez-Estaca et al. (2010) evaluated two types of antimicrobial films, both 
incorporated with clove essential oil. The authors report that gelatin-based film was more 
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efficient antimicrobial than chitosan-based film, demonstrating that antimicrobial activity is 
influenced by the degree of interaction between the packaging material and the phenolic 
present in the essential oil, evaluated.  
Moreover, Jouki et al. (2014) reports that the use of films quince seed mucilagea are a 
good alternative to fish due to its high oxygen transfer barrier, contributing to inhibit the 
growth of aerobic bacteria. Films fifteen seed mucilagea incorporated with 2% thyme oil were 
able to inhibit the growth of psychrophilic bacterial count, Enterobacteriaceae, Pseudomonas 
spp., H2S-producing bacteria (including S. putrefaciens) and LAB in refrigerated rainbow 
trout fillets. 
What limits the use of OE and PE is the generation organoleptic effects unwanted in 
the fish matrix, contributing to a strong and unpleasant aroma and odor Guran et al., (2015). 
In general, these compounds should be used in low concentrations and, preferably, in 
combinations with other conservation technologies to increase their quality, food safety and 
extend their shelf life. 
An alternative report by Can & Ersan (2013) is the realization of an experimental 
study to determine the optimum concentration to be added in the seafood matrix. The authors 
report that the concentration of 0.8 % of rosemary oil was the concentration of higher 
organoleptic acceptance and lower microbiological count in rainbow trout fillets marinated. 
 
3. Animal products as preservatives  
 
 3.1 Chitosan: Origin, obtaining and properties 
Chitin is a linear polymer of β-1,4-N-acetylglucosamine widely found in nature. It is 
present in the carapace of crustaceans, insects, fungal cell wall, green algae, yeast and 
protozoa (Kurita, 2001; Muzzarelli, 2011; Alishahi & Aïder, 2012).  
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Chitosan is a result of the deacetylation process of chitin, obtained through chemical 
treatments (with strong bases and acids) or microbiological (using Mucor and Zygomicetes), 
which results in the demineralization and deproteinization of the carapace of crustaceans 
(Alfonso et al., 1995; Araki & Ito, 1975; Shimahara, Takiguchi, Kobayashi, Uda, & Sannan, 
1989). 
Removal of the acetyl groups from the chitosan results in a polymer with deacetylated 
degree between 66-95 % (Agnihotri, Mallikarjuna, & Aminabhavi, 2004),  strongly 
influencing the amount of charged amine groups, solubility, pKa and the viscosity of chitosan  
(Singla & Chawla, 2001). 
The chitosan is a linear polymer, cationic, biodegradability, biocompatibility, 
nontoxic, wound-healing properties, hemostatic and present antioxidant and antimicrobial 
property (Coma et al., 2002). Moreover, it has the capacity to form polymeric materials, being 
widely studied for the development of covery and films in food packaging, with preservative 
properties (Agustini & Sedjati, 2007; Alak, 2012; Alak, Hisar, Hisar, Kaban, & Kaya, 2010; 
Duan, Jiang, Cherian, & Zhao, 2010), which have attracted the attention of different sectors, 
such as the food industries. 
 
3.1.1. Antimicrobial activity 
 
There are several mechanisms that try to explain the antimicrobin activity of chitosan. 
Some mechanisms propose the binding of chitosan with different cellular components: 
interaction with the bacterial DNA, inhibiting the synthesis of mRNA and proteins 
(Sudarshan, Hoover, & Knorr, 1992) and the interaction with nutrients and metallic ions 
present in the cytoplasm  (Chien, Yen, & Mau, 2016).  
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The main mechanism accepted is related to the interaction between positively charged 
(NH3
+
) amino groups of chitosan with the negative carboxyl groups (COO
-
) of the bacterium, 
located on the surface of the membrane or on the cell wall of bacteria and fungi. In bacteria, 
the external interaction must occur in the lipopolysaccharide and tecoic acid layers of gram 
negative and gram positive, respectively. The interaction may lead to a change in the 
permeability of the membrane, resulting in loss of cellular constituents. Another hypothesis 
suggests the connection of chitosan with the membrane, blocking the passage of nutrients, 
oxygen, among other constituents vital to cellular metabolism, resulting in cell death (Kong, 
Guang, Xing, & Jin, 2010; El-tahlawy et al., 2005). 
Probably the different mechanisms must be related to the molecular weight of the 
polymer. High molecular weight polymers are reported to be too large to cross the cell wall, 
acting on the surface (Raafat, Von Bargen, Haas, & Sahl, 2008); while medium to low 
molecular weight polymers must exert their activity on the membrane and on the cellular 
constituents.  
The amount of positive charges on the chitosan should influence the interaction of the 
polymer with the bacterial, making it a more effective antimicrobial. Among these factors that 
can influence the activity in the positive charge of the polymer, we can highlight: the degree 
of deacetylation, the degree of substitution and the pH. 
The antimicrobin activity of chitosan is higher when the pH < pKa of the polymer. 
Therefore, when the pH of the medium is below 6.3, the amino groups of chitosan will 
preferably be positively charged, facilitating interactions with negative charges of the 
microorganism. At neutral pH, chitosan tends to deprotonate, losing its activity (Ofori-
Kwakye, Fell, & Kipo, 2004) 
The degree of substitution is capable of introducing positively charged into the 
polymer, in addition to influencing hydrophilicity/hydrophobicity, which can make it soluble 
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(Muzzarelli & Muzzarelli, 2002) and by the combination with quaternaries of ammonium, 
carboxymethyl, quaternized carboxymethyl and arginine. 
Additionally, the deacetylation degree favors a higher concentration of positively 
charged amine groups (Terbojevich et al., 1992). The presence of amine groups in chitosan 
confer solubility at pH < 6, in dilute organic acids and inorganic acids. Lestari & Nanisa 
(2014) e López-Caballero, Gomez-Guillén, Pérez-Mateos, & Montero (2005) reports the 
importance of chitosan solubility in antimicrobial activity. The authors report that the chitosan 
used in powder form, and added directly to the fish, showed no antimicrobial activity. The 
activity was only observed when used as a solution or gel. 
Moreover, other factors are reported for influencing antimicrobial activity, such as: 
concentration, molecular weight and temperature. 
The antimicrobial activity is reported by increased proportionally with increasing 
concentration, possibly due to the greater amount of chitosan capable of interacting with the 
cellular constituents; the temperature rise is able to alter the viscosity and molecular weight of 
the polymer, altering the stability and consequently reducing the antimicrobial activity (Kong 
et al., 2010). 
Regarding molecular weight, contradictory results have been observed by No, Park, 
Lee, & Meyers (2002) depending on the microorganisms studied. The authors report a high 
antimicrobial activity against E. coli and P. fluorescens with values of 746 kDa; while S. 
typhimurium and V. parahaemolyticus were inhibited with 470 kDa chitosan. Moreover, the 
authors report that the extreme molecular weights (1106 and 28 kDa) showed little or no 
activity against S. typhimurium. 
In relation to the influence of the process of obtaining chitosan, whether chemical or 
microbiological, Tsai et al., (2002) reports did not observe significant difference (P > 0.05).  
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3.1.2. Antioxidant activity 
 
The antioxidant activity of chitosan is related to the ability of the free amino groups 
and hydroxyl radicals of the polymer to bind with metal ions (Fe
+2
) and free radicals on food, 
resulting in stable macromolecular structures (Feng, Du, Li, Hu, & Kennedy, 2008; Jeon, 
Shahidi, & Kim, 2000). 
Among the factors that influence the antioxidant activity, we can mention the 
molecular weight, the concentration, the degree of deacetylation and the degree of protonation 
of the polymer. 
High molecular weight chitosan presents a compact structure and strong 
intramolecular interaction, inhibiting the external interactions. Shahidi, Kamil, Jeon, & Kim, 
(2002) reported that the antioxidant effect in a cooked comminuted cod (Gadus morhua) was 
directly dependent of concentration and highest effective for the lowest value of the apparent 
viscosity (200 ppm and 14 cP). 
Moreover, a high degree of deacetylation contributes to a higher content of free amine 
groups capable of interacting with free radical and metals; addition, the protonated charges of 
the polymer cause an electrostatic repulsion, leading to a linear conformation, which hinders 
the interactions (Anthonsen, Kjell, & Smidsrod 1993). 
 
3.1.3. Applications of chitosan in fishery and derived products of fishery 
 
The potential chitosan preservative has been evaluated for its ability to prolong the 
shelf life of seafood. The studies are presented in Table 3. 
The application of chitosan in seafood is mainly carried out by preparation of acid 
solutions with concentrations between 0.05-4 %, with different degrees of deacetylation and 
molecular weight. Acetic acid is the main acid used to solubilize chitosan in seafood and other 
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foods, probably because it produces more compact fibers, of smaller diameters and greater 
load than the lactic acid, which contributes to a cohesive strength of the polymer and higher 
viscosity (Cruz, Diniz, Lisboa, & Fook, 2016). Damian, Francisco, Luiz, Espírito, & Teixeira 
(2005) reports that solutions with 1 % of acetic acid, results in a viscosity in the range of 250 
and 2,500 cps. 
Chitosan solutions are used for the preparation of coatings and antimicrobial films. In 
the first case, the sample receive the dip treatment, followed by the drainage and packaging of 
the product; in the second case, the prepared solution is poured into plates and placed to dry at 
room temperature. Chitosan films exhibit resistance to fat diffusion, selective gas permeability 
(CO2 and O2) and suffer resistance to the transmission of water and water vapor (Alishahi & 
Aïder, 2012). This behavior is due to the strongly hydrophilic character. 
The chitosan solutions are also directly added the formulation of products to seafood 
bases, such as sausage and surimi. Tayel (2016) reported the use of a chitosan solution with 
1.5 % and 29 KDa on sausage fish, improving the quality and human nutrition. From the point 
of view of quality, by the preservative effects of chitosan; from the nutritional point of view, 
by effective as dietary fiber. The addition of chitosan in the product resulted in lower counts 
of total aerobic microorganisms, coliforms, yeast & molds, E. coli, Enterobacteriaceae and 
Staphylococcus aureus, during the 28-day refrigerated storage, and contributed to improve the 
taste and odor of the sausages. 
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Table 3. Preservative activity of chitosan and its derived in seafood products. 
Chitosan on Seafood Solution
2
  Fishery Specie Additional Treatament Reference 
0.5 % chitosan 1 % AA or 
0.167% 
STP 
Shrimp Vacuum, nanoparticles, 
frozen 
Chouljenko et al. (2017) 
1.5 % chitosan solution (91 % DD
1
)  1 % AL Atlantic  Glazing and frozen Soares et al. (2017) 
Chitosan solution   1 % AA Fish sausages Sausages storage at 4 ºC Tayel (2016) 
3 g of chitosan (95 % DD)  0.15M AA Peeled shrimps  0.5 % of oregano or 
thyme essentials oils, 4 
ºC 
Carrión-granda, Fernández-
pan, Jaime, Rovira & Maté 
(2016) 
1 % Chitosan solution (85 % DD)  1.5 % AA Shrimp   Farajzadeh et al. (2016)  
3.75 % chitosan  1 % AA Minced snakehead fish   Lestari & Nanisa, 2014 
0.5 % chitosan solution (91.5 % DD) 1 % AA Tuna Fish 9.5 % maltodextrin Saloko, Darmadji, Setiaji & 
Pranoto (2014) 
0.01-0.5 % of water-based chitin and 
chitosan (91 % DD) 
 Pacific white shrimp 
(Litopenaeus vannamei) 
nano-sized Chantarasataporn, Yoksan & 
Visessanguan (2013) 
0–2 % chitosan solution (95 % DD) 
 
1 % AA African catfish (Clarias 
gariepinus) Surimi gels 
Addition of water, NaCl, 
egg white and starch 
Amiza & Kang (2013) 
0.1-1 % of Chitosan (86.92-92.19 % 
DD)  
1 % AA European eel (Anguilla 
anguilla) 
Storage at 4 ºC Kuçukgulmez, Yanar, 
Gerçek, Gulnaz & Celik 
(2013) 
0.1 and 1 % chitosan solution (86.2 
and 92.19 % DD)  
1 % AA European eel (Anguilla 
anguilla L.) 
Storage at 4 ºC Yanar et al. (2013) 
1 – 2 % Chitosan solution or  
carboxymethyl chitosan (83 % DD)  
1 % AA Fillet Indian oil sardine 
(Sardinella longiceps) 
 Storage on ice Mohan et al., (2012) 
1 % chitosan coating solution (91 % 
DD)  
1.5 % AA 
+ 6 % PG 
Obscure puffer fish 
(Takifugu obscurus) 
Electrolysed water 
Storage at 4 ºC 
Zhou, Liu, Xie & Wang 
(2011) 
0.05-1 % Chitosan (80 – 82 % DD)  1 % AA Tilapia (Oreochromis 
niloticus) fillets 
Storage at 4 ºC Cao, Liu, Yin & Wu (2012) 
1.5 % Chitosan solution  1.5 % AA  
1.5 % AL 
Brown trouts (Salmo 
trutta fario) 
 
Storage at 4 ºC Alak (2012) 
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1 % chitosan solution (80 % DD)  Croaker fish (Johnius 
gangeticus) surimi 
4 % sucrose and 4 % 
sorbitol. Storage at -20 
ºC 
Dey & Dora (2011) 
1.5 % Chitosan solution  
Chitosan film,  
1.5 % AA Atlantic bonito (Sarda 
sarda) fillets 
Modified atmosphere and 
vacuum 
Alak et al. (2010) 
3 % Chitosan solutions (97 % DD)  1 % AA Lingcod fish (Ophiodon 
elongates) 
Krill and Cinnamon leaf 
oil 
Duan et al. (2010)  
2 % Chitosan solutions (85 % DD) 1 % AA  Silver carp Storage at -3 ºC Fan et al. (2009) 
0.05-1 %.Chitosan solution (80–82 
% DD)  
Water Pacific oysters 
(Crassostrea gigas) 
Marination and storage at 
5 ºC 
Cao et al. (2009) 
0.5 % and 1% chitosan solution 
(75.42 % DD) 
- Anchovy (Stolephorus 
heterolobus) 
Salted-Dried Agustini & Sedjati (2007) 
chitosan solution (85.6 % DD) 1 % AA Fish ball Surimi gel Kok & Park (2007)  
4% chitosan solution ( 97 % DD)  0.5 M AA Cod patties NaCl, egg white, starch 
Storage at 2 ºC 
López-Caballero, Gómez-
Guillén, Pérez-Mateos & 
Montero (2005)  
4 % chitosan solution ( 97 % DD) 0.5 M AA Cod sausages Storage at 2 ºC López-Caballero, Gomez-
Guillén, et al. (2005) 
1 % chitosan solution   1 % AA Cod (Gadus morhua) Cooked Shahidi et al. (2002) 
0.2-1 % chitosan solution (47-98 % 
DD)  
0.1 N HCl Salmon fillets 
(Oncorhynchus nereka) 
Stored at 4 ºC Tsai et al. (2002) 
Chitin and chitosan (65.6-99.6 % 
DD.  
- Barred garfish surimi CaCl2 and salt to form 
the surimi gel 
Benjakul et al. (2001) 
1
DD: Degree of Deacetylation; 
2
Solution: AA – Acetic acid; AL – Latic acid; PG – Propylene glycol; STP – Sodium Tripolyphosphat
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The proposed addition of chitosan to surimi gels aims to increase the stabilization of 
myofibrillar proteins, inhibiting protein denaturation caused by changes in temperature or by 
the influence of species and time of year (Yuan et al., 2005). Amiza & Kang (2013) reported 
that the addition of chitosan up to 1.5 % was the optimum concentration for improving the 
texture parameters of catfish surimi gels, resulting in a higher breaking force, breaking 
deformation, and gel strength. The authors report that concentrations higher than 1.5 %, 
texture parameters were reduced. According to Sun & Holley (2011), higher concentration of 
chitosan might dilutes the concentration of myofibril protein in surimi or reduced disrupt 
polymerization and aggregation of fish myofibrils during the setting or heating process. 
Benjakul et al. (2001) also demonstrated an increase in the breaking force when added 
of 15mg g
-1
 of chitosan on surimi gel. The authors report that gel strengthening is a result of 
the binding of myosin, through glutamyl-lysine linkages, increasing the elasticity and stiffness 
of the gel after cooking. 
Regarding antimicrobial activity, (Cao, Xue, & Liu, 2009) evaluated different 
concentrations of chitosan  (0.5-10 g L
-1
) in inhibition of the growth of microorganisms 
isolated from oysters (Pseudomonas sp., Vibrionaceae sp., Shewanella sp., Moraxella sp., 
Micrococcus sp., Lactic acid bacteria sp, Enterobacteriaceae sp., Acinetobacter sp., 
Flavobacterium sp. and Staphylococcus sp, Bacillus sp. e Corynebacterium sp.). The authors 
observed the inhibition of the growth of all microorganisms, observing a greater antimicrobial 
activity with the increase in chitosan concentration. However, no significant differences were 
observed when comparing concentrations of 5 and 10 g L
-1
. 
The strains that presented greater inhibition halo, when in solution of 10 g L
-1 
were 
Vibrionaceae, Moraxella, Micrococcus and Lactic acid bacteria, with values 23.8 ± 0.9, 30.8 
± 0.7, 20.0±0.5 and 22.5 ± 0.7 mm; while the least sensitive were Shewanella, Alcaligenes, 
and Corynebacterium, shown inhibition  zones 4.5 ± 0.3, 3.5 ± 0.4, 5.8 ± 0.8 mm. When the 
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chitosan solution was used 5 g L
-1
, in oysters refrigerated storage, Cao et al., (2009) showed a 
reduction in aerobic plate count and shelf life extension for up to 14 days, while the control 
was not fit for consumption on the 8th day of storage.  
Similarly, Alak et al. (2010) demonstrated that 1.5% chitosan films were able to 
decrease the microbiology counts of total aerobic mesophilic bacteria, Psychrotrophic, 
Pseudomonas and Enterobacteriaceae by approximately 1.5 log CFU g
-1
 for all 
microorganisms, when compared to the control group, in Bonito fish during chilling storage. 
The microbicidal effect of chitosan in fishery has also been reported in different species, such 
as: Atlantic Salmon fillets, on shrimp, frozen shrimp, Brown Trout Fillets (Salmo trutta 
fario), cold-stored lingcod (Ophiodon  elongates) fillets, Silver Carp (Soares et al., 2017; 
Farajzadeh et al., 2016; Chouljenko et al., 2017; Alak, 2012; Fan et al., 2009; Duan et al., 
2010). 
Besides de reduce microbial load in seaffod products, chitosan is also reported by 
delayed significantly lipid oxidation. Yanar, Küçükgülmez, Gökçin, & Gelibolu (2013) 
showed that treatment with solution 1% of chitosan significant reduction in PV and TBARS 
in European eel fillets, after 21 days of refrigerated storage. Showed a reduction between 3-5 
meq O2 kg
-1
 lipid and 1.17-1.58 mg Ma kg
-1 
sample, respectively. Sathivel, Liu, Huang, & 
Prinyawiwatkul (2007) report that the oxygen barrier properties of chitosan should also 
contribute to the control of lipid oxidation. Moreover, the lowest values of PV and TBARS 
were obtained for chitosan extracted from the shell of crustaceans when compared to 
commercial chitosan.  
The inhibiting the oxidation of lipid in seafood and derivatives, by employed of 
chitosan, also has been demonstrated by (Alak, 2012; Fan et al., 2009; Farajzadeh et al., 2016; 
Shahidi et al., 2002). By the other hand, Alak et al. 2010 and Chouljenko et al. (2017) 
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reported not to observe significant differences in TBARS indices during the storage of bonito 
fillets at 4 °C and frozen shrimp, respectively, when compared to the control. 
Chouljenko et al. (2017) state that the storage time for freezing (120 days) was 
insufficient to observe significant changes. Alak et al. (2010) suggests that the acid used in the 
solubilization of chitosan (lactic acid) negatively affects TBARS values, leading to lipid 
oxidation. According to Wills (1966) the iron, a lipid oxidation catalyst, is highly pH sensitive 
and more active under acidic conditions. 
Moreover, an additional property of chitosan is to be able to retard the loss of moisture 
of the product, since coatings and films of chitosan lose water in preference to food. Thus, 
some authors report better results for water holding capacity in seafood (Farajzadeh et al., 
2016; Mohan, Ravishankar, Lalitha, & Gopal, 2012). 
In relation to the sensorial attributes, some authors report that chitosan coating also 
had a significant effect on sensory quality, improved overall sensory scores when compared 
with the control (Mohan et al., 2012; Tayel et al., 2016;  Farajzadeh et al., 2016; Fan et al., 
2009). By the other hand, Soares, Silva, Barbosa, Pinheiro, & Vicente, (2017) and Cao, Xue, 
& Liu, (2009) no showed diferenças significativas (P  > 0.05) by chitosan treatment in 
Atlantic Salmon fillets and in Pacific oysters (Crassostrea gigas), respectivaly. At least, no 
negative sensory effects were observed by addition of the compound. 
Moreover, different alternatives have been studied in order to increase the preservative 
properties of chitosan, such as the employment of essential oils, nisin, the combination of 
chitosan with gelatin, vacuum packaged, MA packaged, sodium lactate, potassium sorbate 
and chitosan nanoparticles (Carrión-granda, Fernández-pan, Jaime, Rovira & Maté, 2016; 
Dananjaya, Godahewa, Jayasooriya, Lee & Zoysa, 2016; Schelegueda et al., 2012, saloko et 
al., 2014, chouljenko et al., 2017; Farajzadeh et al., 2016).  
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A number of essential oils have been evaluated for their antioxidant and antimicrobial 
activity, providing additional preservation barriers. Carrión-granda et al. (2016) showed that 
chitosan samples treated with 0.5 % essential oil of thyme or oregano had lower 
microbiological counts. However, the authors report that the drying temperature of chitosan 
coatings may affect the final content of the essential oils due to the volatility of these 
compounds. The process must be carried out at low temperatures. 
Farajzadeh et al., (2016) employed a coating based mixture of gelatin and chitosan 
solution as natural preservatives on shrimp (Litopenaeus vannamei). Chitosan coatings may 
function as moisture-sacrificing agents; besides, gelatin coatings act as a barrier to water and 
reduce exudates that result from water loss in fresh meat products (Herring, Jonnalongadda, 
Narayanan & Coleman, 2010). The authors shown that crosslinking chitosan with gelatin is an 
appropriate alternative for reducing shrimp moisture loss. 
Duan et al., (2010) combined the use of chitosan with vacuum or modified atmosphere 
packaging to protect the cold-stored lingcod (Ophiodon elongates). The use of vacuum and 
modified atmosphere aims to reduce oxygen concentration and, accordingly, inhibit growth of 
aerobic spoilage microorganisms and minimize lipid oxidation in food. The authors showed a 
reduction in total plate count of 0.64, 2.22 and 4.25 log reductions for samples coated with 
chitosan and combined with vacuum or modified atmosphere, respectively. Similar results 
were observed for the TBARS Values, with larger reductions for coated packaged samples 
packed in vacuum and coated with chitosan.  
Chitosan nanoparticles were available by Dananjaya et al. (2016) and 
Chantarasataporn, Yoksan & Visessanguan, (2013) which demonstrated its potential use in 
seafood. Chitosan nanoparticles have been used in drug delivery systems due to their 
mucoadhesivity and ability to augment large molecule penetration across mucosal surfaces. 
The reduction of particle size to sub-micron levels can allow for deep penetration into tissues 
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of fisheries through fine capillaries and fenestration in the epithelial lining. It has been 
reported that chitosan nanoparticles may exhibit greater antimicrobial activity than chitosan 
particles of larger sizes as a result of their small size and the quantum size effect (Qi, Xu, 
Jiang, Hu, & Zou, 2004). 
Dananjaya et al. (2016) demonstrated that chitosan nanoparticles with silver could 
inhibit the Aliivibrio salmonicida growth which indicates minimum inhibitory concentration 
and minimum bactericidal concentration at 50 μg mL
-1
 and 100 μg mL
-1
, respectively.  
 
4. Microbiological products as preservatives  
 
4.1. Lactic acid bacteria 
 
Lactic acid bacteria (LAB) constitute themselves a group of several gram positive 
bacteria, whose main characteristic is the production of lactic acid as the major product of the 
fermentation of glucose (Axelsson, 1993). The LAB comprise the following bacteria genera: 
Lactobacillus, Leuconostoc, Pediococcus, Lactococcus and Streptococcus (Françoise, 2010). 
LAB have the capacity to grow in a diversity of environment and, therefore, are 
widely widespread in the nature, being part of the microbial flora of plants and of digestive 
tract of animals (Françoise, 2010). In addition, they are used for the production of fermented 
foods, which compose the human feed for thousands of years and, therefore, are recognized as 
safe for consumption (O’Sullivan, Ross, & Hill, 2002) 
LAB also contribute to a preservative effect on food, due the production of a wide 
range of anti-microbial metabolites, like organic acids (acetic, propionic, pyruvic, lactic acids, 
among other), diacetyl, acetaldehyde, hydrogen peroxide, non-protein compounds of low 
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molecular weight (reuterine, reutericicline and pyroglutamic acid) and bacteriocins 
(Holzapfel, Geisen & Schillinger, 1995).  
The acids are produced by the fermentative metabolism of LAB and themselves may 
be sufficient to antagonize many microorganisms, due to pH reduction. Compounds such as 
diacetyl, hydrogen peroxide, bacteriocins, etc., are by-products of metabolism, produced as a 
defense mechanism against the antagonistic microbial flora, which compete by nutrients, 
oxygen and binding sites (Chen & Hoover, 2003; Leroy & Vuyst, 2004; Vignolo, Fadda, 
Kairuz, Ruiz Holgado & Oliver, 1996). The bactericidal action of hydrogen peroxide is 
attributed to its highly oxidizing effect, by peroxidation of the cell membrane lipids and 
destruction of the basic molecular structure of cellular proteins (Suskovic et al., 2010). 
Diacetyl acts deactivating microbial enzymes, by blocking or by modification of the catalytic 
site (Holzapfel, Schillinger, Geisen & Lucke, 2003).  
The amount and types of antimicrobial compounds produced by LAB will depend of 
strains of LAB, of the type of carbohydrates, of the protein sources of the food matrix and the 




Among the metabolites produced by LAB, bacteriocins have been highlighted as 
candidate for biopreservation of food (Sarika, Lipton, Aishwarya, & Dhivya, 2012), due they 
do not influence the sensorial characteristics and presenting antimicrobial activities.  
The term bacteriocin is used to refer to small peptides or proteins, synthesized at 
ribosomally level, with bactericide or bacteriostatic action (Cotter, Hill, & Ross, 2005). These 
compounds can be produced by a differentiated range of bacteria, including LAB (Jack, Tagg, 
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& Ev, 1995; Klaenhammer, 1988). A great attention have been given the bacteriocins 
produced by BAL, due their status GRAS. 
There is a wide variety of bacteriocins, presenting different biochemical and genetic 
characteristics, distinct activity spectrum, varying according to length, amino acid sequence, 
post-translational modifications, antimicrobial activity, genetic origin and biochemical 
properties (Galvez, Lopez, Abriouel, Valdivia & Omar, 2008) 
 
4.1.2 Antimicrobian activity 
 
The antimicrobial activity of bacteriocins presenting some particularities in each class. 
However, in general, the bacteriocins act by adsorption and insertion to cell membranes, 
contributing to the formation of a pore in membrane. The formation of pores leads to an 
increase in membrane permeability and loss of cellular constituents (potassium, magnesium, 
ATP,  amino acids and other compounds) (Ariyapitipun, Mustapha, & Clarke, 2000).  
Although pore formation is a general feature, the size, the stability and the 
conductivity of these pores differ considerably between bacteriocins (Herranz et al., 2001). 
The bacteriocin needs to interact with the target cell membrane. The orientation with which 
the bacteriocins are inserted in the membrane will depend on the potential of the membrane, 
which is influenced by the pH and the phospholipic composition (Eijsink et al., 1997). 
Consequently, the sensitivity of bacteriocin will depend of the physiological state of the cell. 
Moreover, several other factors influence in the efficiency of the bacteriocin in food, 
such as: (a) the activity of the bacteriocins can be reduced by interaction with proteins and 
lipids; (b) can be inactivated by proteases (Schillinger, Geisen & Holzapfel, 1996); (c) can be 
affects by the processing and storage conditions, such as pH and storage temperature. A high 
temperature can active proteolytic enzymes in food, inhibiting the activity of the bacteriocins 
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(Leroy & Vuyst, 1999); (d) can be affects by level of contamination of the food, when the 
initial contamination is high, bacteriocin may be unable to prevent microbiological growth 
(Rilla, Marti, & Rodri, 2004); (e) bacteriocins are not able to inhibit the growth of gram 
negative bacteria, due the external cell membrane that inhibits the access on cellular targets. 
However, the use chemical and/or chelating agent (ex: trisodium phosphate, EDTA) are 
capable of disrups the outer membrane, making bacteriocins accessible (Stevens et al., 1991).  
Additionally, the microorganism can develop resistance to bacteriocins via spontane-
ous mutations. Two factors can result in the microbial mutation, which are: (1) possibility of 
developing proteolytic enzymes capable of inactivating the bacteriocins (Sun et al., 2009); (2) 
changes in the membrane and cell wall, such as: change in electrical potential, fluidity, lipid 
composition and alteration of cell wall load or thickness (Mantovani & Russell, 2001). The 
mutation should arise after exposure of the cell to low concentrations of bacteriocins or as part 




According to Codex Alimentarius Commission 283-1978 and the Directive 95/2/EC of 
the European Union (Codex, 1978; EU, 2011), the only bacteriocin approved for direct 
incorporation into food is nisin (EU, 2011). In Brazil, nisin can be used in cheeses at a 
concentration of 12.5 mg kg -1 (Brasil, 1996). 
Nisin has been extensively studied and, moreover, its metabolites has been consumed 
in human food for thousands of years, by the consumption of fermented foods. Thus, nisin is 
the only bacteriocin recognize as safe for consumption (Joerger, 2001). 
As food preservative, the nisin have been used to inhibit the growth of Gram-positive 
bacteria, mainly food-borne pathogens, such as: Staphylococcus spp., Bacillus spp., Listeria 
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spp. Clostridium spp. and Streptococcus spp. (Elotmani & Assobhei, 2003; O’Sullivan et al., 
2002; Ouwehand, 1998; Matamoros et al., 2009; Solomakos, Govaris, Koidis & Botsoglou, 
2008). 
In addition, several factors must be observed to guarantee the stability of the nisin in 
the food, such as: (1) the use of nisin is realizes mainly in low pH, since the acidity increases 
the solubility and stability of nisin (Arauz, Jozala, Mazzola & Pena, 2009; Hoover, 1992); (2) 
nisin can be degraded by endogenous proteolytic enzymes; (3)  can be inhibited by starter 
cultures; (4) can interact with food proteins and lipids, being inactivated; (5) losting its 
activity in refrigerated foods; (6) it does no present effect against Gram-negative bacteria, 
yeast or fungi (Aasen et al., 2003; Hoover, 1992; Scannell, Hill, Buckley & Arendt, 1997).  
 
4.1.4. Lactic Acid Bacteria and bacteriocins as Biopreservatives in seafood  
 
In seafood, few studies have been developed to extend seafood shelf life by the use of 
LAB and its bacteriocins (Table 4). Probably because the fermentative metabolism of LAB 
leads to the production of acids, aldehyde, diacetyl, among other compounds that must 
influence the sensorial characteristics of fresh fish; while bacteriocins are mainly active 
against Gram-positive bacteria. In addition, bacteriocins may interact with seafood 
components, such as proteins and lipids, or be inactivated by proteases. 
Although the activity of bacteriocins against gram negative bacteria is not common. 
Anacarso et al. (2014) showed that the production of the putative bacteriocin produced by Lb. 
Pentosus 39, in fresh salmon at 4 ºC, was able to inhibit the growth of A. hydrophila and L. 
monocytogenes. Sarika et al. (2012) reported the activity of bacteriocin PSY2 in fillets of reef 
cod at 4 ºC reduced count of Staphylococcus sp. and Pseudomonadaceae in 1.8 and 3.37 
logarithmic units, respectively, when compared with the control. 
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Table 4. Preservative activity of lactic acid bacteria and their bacteriocins in Seafood. 
Lactic acid bacteria and/or 
bacteriocins  
Seafood species Additional Treatament References 
Lactobacillus plantarum Mussels Marination Vieira et al. (2016) 
Lactobacillus 
curvatus BCS35 and 
Enterococcus faecium BNM58 
Hake (Merluccius merluccius) and 
Megrim 
(Lepidorhombus boscii) 
Storage ice 0-2 ºC  Gómez-sala et al. 
(2016) 
Lactobacillus pentosus 39 and its 
bacteriocin 
Salmon fillets Vacuum-Packed Anacarso et al. (2014)  
Lactococcus lactis ssp. lactis Salmon (Salmo salar) Vacuum-Packed Ibrahim, Vesterlund 
& Salmon, (2016)  
Lactococcus lactis strain PSY2 
and the bacteriocin PSY2 
Reef cod (Epinephelus diacanthus) Storage at 4 and -18 ºC Sarika, Lipton, 
Aishwarya & Dhivya, 
(2012)  
Lactobacillus plantarum  and 
Bifidobacterium animalis subsp. 
Lactis 
Anchovies Marinating brine Speranza, Bevilacqua, 
Sinigaglia & Corbo 
(2012)  
Lactobacillus plantarum PMU33 
and Lactococcus lactis WNC20 
Mackerel Steamed Saithong et al. (2012)  




Cooked, peeled and Modified 
Atmosphere packed 
Fall et al. (2010)  




Piscium, Lactobacillus fuchuensis 
and Carnobacterium 
alterfunditum (2 % / each) 
Shrimp and Salmon Cooked, peeled, vacuum-
packaged, cold-smoked 




Similar results were obtained for red meat by Liu et al. (2008) and Zhang, Liu, Li & 
Qu, (2010) showed the activity of bacteriocin pentocin against Gram negative bacteria 
Escherichia spp. and Pseudomonas fluorescens, respectively. 
In studies carried out by Anacarso et al. (2014), the authors showed a loss in 
bacteriocin activity at the end of storage, probably due to the action of proteases or the 
interaction with food constituents, indicating that it is active only for short periods of storage. 
The authors suggest that the use of L. Pentosus 39 is more efficient biopreservative than 
bacteriocin. Similarly, Liu, Lv, Li, Zhou & Zhang (2008) reports that bacteriocin pentocin can 
be inhibited by proteases pepsin, proteinase K, trypsin, papain and neutral proteinase. 
However, its activity is not lost in the presence of acid proteases or non-protease enzymes. 
Moreover, the activity of pentocin can be inactivated by Lactobacillus plantarum strains and 
fat particles.  
Elotmani & Assobhei, (2003) shown that nisin alone was able to inhibit Gram-positive 
bacteria (Micrococcus sp., Bacillus cereus, Staphylococcus aureus), in sardine fillets. 
However, its combination with lactoperoxidase was shown to be active against strains of 
Gram-negative bacteria (Pseudomonas fluorescens, Pseudomonas aeruginosa, Moraxella sp. 
and Shewanella putrefaciens). Additionally, the authors demonstrate that the antimicrobial 
effect against P. fluorescens and S. putrefaciens was only obtained when lactoperoxidase was 
first added and, 2 h later, was added to nisin. The addition of lactoperoxidase system in the 
first place results in injures of Gram-negative cytoplasmic membrane, leading to an increase 
in membrane permeability and, consequently, increasing the antimicrobial action of nisin. The 
addition of the combined treatment at the time zero showed less efficient. 
Another alternative to increase the antimicrobial efficiency of bacteriocins against 
gram negative bacteria is the incorporation of essential oils. Turgis, Dang, Dupont & Lacroix 
(2012) report that the combination of S. montagna essential oil added pediocin was active 
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against strains of E. coli O157:H7. Moreover, the authors report that the combination of T. 
vulgaris essential oil combined with nisin reduced the S. typhimurium counts. The authors 
observed that the preservative action reached a point where it was no longer influenced by the 
level of activity. The combinations of EO and bacteriocins can act synergistically or 
additionally, demonstrated the potential use of different combinations of natural antimicrobial 
compounds on biopreservation and safety of food, can become promising antimicrobial 
formulation against pathogenic and spoilage bacteria in fishery. 
Several authors have reported that the bioprotective effect of LAB on fish is mainly 
due to the reduction of pH. Anacarso et al. (2014) reported that Lb. Pentosus 39 was able of 
inhibit Aeromonas hydrophila in  fresh salmon, due reduction of pH for values of 5.5-5.8. 
Fall, Leroi, Cardinal, Chevalier, & Pilet (2010) report that Lactococcus piscium CNCM I-
4031 were able to inhibit B. thermosphacta, E. coli, S. Weltevreden, S. enterica serovar 
Typhimurium and Serratia sp.in peeled cooked shrimp due to the final pH values in the order 
of 5.6.  
Vieira et al. (2016) used L. plantarum strains in marine shrimp as reducing the 
counting of Vibrio spp. and also justified the reduction in counting due to pH inhibition. 
Moreover, Vieira et al. (2016) reports that  L. plantarum potential of seafood, increasing its 
resistance against the proliferation of Vibrio sp. on seafood. 
Regarding the organoleptic characteristics, Anacarso et al. (2014) reported positive 
results with the use of LAB, suggesting that the inhibition of the deteriorating flora allowed 
the quality assurance for longer and better sensorial scores. 
Similarly, Saithong, Stonsaowapak, Tewaruth, & Noonpakdee (2012) reported the 
maintenance of sensory attributes, like color, flavor and texture due added of Lactobacillus 
plantarum PMU33 and Lactococcus lactis WNC20 (ratio 1:1) combined with 1% glucose, on 
steamed mackerel fish. Additionally, the authors report that LABs were producers of 
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bacteriocins plantaricin W and nisin Z, ensure the extended the shelf life by more than 20 
days at room temperature.  
Other strains of LAB have been tested as seafood biopreservatives. However, 
Matamoros et al., 2009 reports that Lactobacillus fuchuensis, Carnobacterium alterfunditum 
and Leuconostoc gelidum acted like spoilage on on vacuum-packaged shrimp and cold-
smoked salmon. Moreover, the authors demonstrate the activity of Leuconostoc gelidum  
(EU2247 and EU2262) and Lactococcus piscium (EU224 and EU2229) as reducers of 
psychotrophs count. Lactococcus piscium strains showed be the most efficient in extend the 
shelf life and also demonstrated activity against Listeria monocytogenes and Staphylococcus 
aureus.  
 
4.1.5. Antilisterial activity of lactic acid bacteria and bacteriocins in fishery 
 
Listeria monocytogenes is a bacterial genus responsible by listeriosis, disease of high 
risk to public health due the severity of the sequelae and high mortality rate (20 % a 30 %), 
being responsible for cases of abortion, meningitis and septicemia. The disease mainly affects 
people belonging to risk groups, such as immune depressed, elderly, children and pregnant 
women (Farber & Peterkin, 1991). However, healthy people can also be affected, mild 
gastrointestinal symptoms (Dalton et al., 1997). 
Listeria monocytogenes have been isolated from the aquatic environment and from 
raw seafoof, from fresh or marine water. Additionally, can be reintroduced into the processing 
environment, pose a high risk for post processing contamination (Guerra, Mclauchlin & 
Bernardo, 2001; Libério et al., 2009). Thus, several studies have focused to ensure the safety 
of seafood and control post-processing contamination of L. monocytogenes by employment 
LAB and its bacteriocins (Table 5). 
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Table 5. Antilisterial activity of lactic acid bacteria and their bacteriocins in Seafood. 
Lactic acid bacteria and/or bacteriocins Seafood Species Additional Treatament References 
Nisin  Salmon Plastic films and vacuum-packaged cold-
smoked 
Neetoo et al. (2008) 
Enterococcus faecium ET05, L.curvatus ET06, L. 
curvatus ET30, L. deldrueckii ET32 and 
Pediococcus acidilactici ET34 
Salmon Vacuum-packed cold smoked Tomé et al. (2008) 
L. plantarum, L. casei and C. piscicola Salmon Vacuum-packed cold smoked Vescovo et al. (2006) 
Nisin   Salmon and 
sturgeon caviar 
Radio Frequency Heating (60, 63 and 
65ºC) 
Al-Holy et al. (2004) 
Nisin  Sturgeon caviar Lactic acid, Chlorous acid, Sodium 
hypochlorite 
Al-Holy et al. (2005) 
C. divergens V41 and its supernatant V41 Salmon -trout  Vacuum packed cold-smoked  Vaz-Velho et al. (2005) 
Carnobacterium divergens V41 Salmon Vacuum packed cold-smoked Brillet et al. (2005) 
C. divergens V41, C. piscicola V1 and C. SF668 Salmon Vacuum packed cold-smoked Brillet et al. (2004) 
Carnobacteriocin B2 Salmon Vacuum packed cold-smoked Nilsson et al. (2004) 
Carnobacterium piscicola CS526   Yamazaki et al. (2003) 
Microgard and Nisin Salmon Frozen –Thawed Zuckerman & Avraham, 
(2002) 
Sakacin P, Nisin and L. sakei Salmon Vacuum packed cold-smoked Katla et al. (2001) 
Carnobacterium: piscicola SF668, divergens V41 
and piscicola V1 
Salmon Vacuum packed cold-smoked Duffes et al. (1999a) 
Carnobacterium (SF668, V41 and V1) and 
Lactobacillus 
Salmon Vacuum packed cold-smoked Duffes et al. (1999b) 
Nisin  Rainbow trout Sodium lactate (60 %), Vacuum-packed 
cold smoked 





Nisin and other bacteriocins, such as sakacin P, ALTA
TM 
2341, enterocina and  
Carnobacteriocin B2 have been widely evaluated in seafood products for the prevention of L. 
monocytogenes (Al-Holy, Ruiter, Lin, Kang, & Rasco, 2004; Degnan, Kaspar, Otwell, 
Tamplin, & Luchansky, 1994; Duffes, Corre, Leroi, Dousset, & Boyaval, 1999; Katla et al., 
2001, Neetoo et al., 2008; Nilsson et al., 2004; Zuckerman & Avraham, 2002).   
Several autores reported the efficiency of bacteriocins in inhibiting the growth of the 
pathogen is strongly influenced by the initial levels of contamination and of bacteriocin 
concentrations employed, as well as the storage temperature and pH product (Duffes et al., 
1999; Leistner, 2000).  
Neetoo et al., (2008) reported that the nisin concentration is important factor in 
inhibiting L. monocytogenes, reporting that film incorporating with 2000 IU cm-
2
 nisin was 
more effective than 500 IU cm
-2 
on vacuum-packaged cold-smoked salmon. In addition, 2000 
IU cm
-2
 nisin also was able to inhibit the spoilage flora (aerobes, anaerobes and LAB). 
However, the authors report that even 2000 IU cm
-2
 nisin were not able to control the growth 
of Listeria when fish had high levels of contamination and were stored at abusive 
temperatures (10 °C). 
Zuckerman & Avraham (2002) studied the combination of Microgardt (gram 
negative bacteria inhibitors) and Nisin (gram positive inhibitors) bacteriocins for inhibition of 
Listeria growth, in fresh salmon. The authors report that the bacteriocins combination was 
less efficient in reducing Listeria counts than nisin alone, suggesting the dilution effect of 
nisin on frozen-thawed salmon. However, treatment with 10 % Microgardt and 0.2 % Nysin 
was effective in reducing total microbial counts up to 2 log. Therefore, to ensure food safety, 
the authors suggest the combination of bacteriocins with the use of low temperatures (6 ºC), a 




Degnan, Kaspar, Otwell, Tamplin, & Luchansky (1994) reported the reduction of 
levels of L. monocytogenes count on blue crab (Callinectes sapidus) by simply washing the 
meat with the bacteriocins Alta, enterocin, or Nisin at 10,000 or 20,000 AU ml
-1
. The use of 
20,000 AU ml
-1
 contributed to reduce the pathogen counts by up to 3 log. However, the 
authors rewrite that the most efficient antilisterial agent was washing with 1M trisodium 
phosphate, and the pathogen was not counted during 4 days of storage. 
Moreover, bacteriocin activity can be inactivated due to the action of proteases present 
in the seafood matrix, the interaction with the packaging material or by the endogenous 
microflora competition (Vaz-Velho, Todorov, Ribeiro, & Gibbs, 2005). 
Al-Holy, Lin, & Rasco (2005) reported that listeriostatic activity of nisin can not be 
sustained for long periods (> 3 days) on sturgeon (Acipenser transmontanus) caviar, 
suggesting the combination of nisin with alternative treatments to ensure the safety of 
seafood. In this sense, the authors proposed the combination of nisin with radio frequency 
treatment at 65 ºC, reporting that the temperature helps in the alteration of membrane 
permeability, facilitating the formation of pores by nisin (Al-Holy et al., 2005, 2004) 
Similarly, Nykanen, Weckman, & Lapvetelainen (2000) reported that the combination 
of nisin and sodium lactate (60 %) in smoked rainbow trout was even more effective on 
reduce the L. monocytogenes and mesophilic aerobic count than the nisin alone, contributing 
to the synergistic effect.  
Strains of LAB also have been described like inhibit of Listeria spp. Duffes, Leroi, 
Boyaval & Dousset (1999) reported that the L. monocytogenes growth could be inhibited by 
Carnobacterium strains on vacuum packed cold-smoked: C. piscicola V1 and C. divergens 
V41 strain demonstrated a strong bactericide effect at 4 ºC and 8 ºC; while C. piscicola SF668 
only showed bactericidal effect at 4 ºC. According the authors, Carnobacterium antilisterial 
activity is increasingly at low temperatures and high sodium chloride concentrations, because 
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of their ability to grow and produce bacteriocins, which contribute to the inhibition of Listeria 
growth. 
Moreover, Vaz-Velho et al. (2005) relata que 2 % C. divergens V41 also effective in 
controlling L. innocua on cold-smoked salmon-trout, presenting a count lower than 1 log 
during 3 weeks storage. While a 5 % of C. divergens V41 a bactericidal effect was observed. 
Brillet, Pilet, Prevost, Bouttefroy, & Leroi (2004) reports difference in sensitivity 
of L. monocytogenes against 3 strains of Carnobacteria, showed that C. divergens V41 was 
more sensitive than C. piscicola V1 and C. piscicola SF668. The antilisterial activity of the 
Carnobacteria was mainly attributed to the production of bacteriocins divergen V41, 
piscicocin V1a, and piscicocin V1b, piscicolin 126, respectively. 
Brillet, Pilet, Prevost, Bouttefroy & Leroi (2004) justify the difference in antilisterial 
activity based on bacteriocins particulars, such as surface property and the presence of 2 
disulfide bonds at V41 divergence, while the other bacteriocins have only 1 disulfide bridge. 
Several studies confirm that the listerial activity of class IIa bacteriocins is dependent on the 
number of disulphide bridges (Fimland et al., 2000; Guyonnet, Fremaux, Cenatiempo, & 
Berjeaud, 2000).  
Additionally Brillet, Pilet, Prevost, Cardinal, & Leroi (2005) showed that added 
Carnobacterium (C. divergens V41, C. piscicola V1 and C. piscicola) strains on cold-smoked 
salmon inhibited the growth of Enterobacteriaceae, lactobacilli and yeasts. Moreover, the 
strains were not able to produce histamine, putrescine and cadaverine. However, they are 
producing tyramine, with the highest concentrations at the end of shelf life, in which was 
observed high counts of Carnobacterium. The authors report that the concentration of 
tyrosine was lower than that commonly found in smoked salmon and there is no legal limit 




5.  Organic Acid as preservatives 
 
The organic acids resulting from the metabolic activity of plants, animals and 
microorganisms (Shelton, 1975) and naturally are widely found in several foods employed in 
human nutrition, such as vinegar (acetic acid), orange (ascorbic acid), grape (tartaric acid), 
apple (malic acid), lemon (citric acid), with no restriction on their ingestion.  
In food industry, they have been used for several purposes, as acidulants, chelants, 
flavorings and preservatives. In relation to preservatives, the main ones used in seafood are 
citric acid, lactic acid, ascorbic acid, acetic acid and its sodium and / or potassium salts (Table 
6).  For industrial employment, the organic acids have been obtained by fermentation or 
synthesis processes.  
Citric and lactic acid come from the fermentative metabolism of Aspergillus niger, and 
Streptococcus lactis, respectively (Davidson & Branen, 1993; Kandler, 1983); ascorbic acid is 
obtained by the oxidation of dextrose (glucose, honey sugar, corn sugar) in L-ascorbic acid, 
resulting in reduction of four hydrogen atoms to form two molecules of water (Coultate, 
2004); while the acetic acid can be obtained by the fermentative metabolism of Acetobacter 
and Gluconacetobacter (Raspor & Goranovič, 2008) or by synthesis process, from the 
precursor disulfeto of carbon. These acids are recognized as safe, easily obtainable and of low 





5.1. Antimicrobial activity of organic acids 
 
Organic acids are potent antimicrobials when in undissociated form of the molecule. 
In this state, the acids present hydrophobic characteristics and, consequently, become soluble 
in the lipids of the cell membrane, through it passively. Within the cytoplasm, the high pH 
facilitates the dissociation of the acid, originating ions that are unable to cross the membrane. 
This accumulation of ions results in simultaneous events that culminate in microbial death, 
which are: (Denyer & Stewart, 1998; Mead & Chopra, 1991; J. B. Russell, 1992). 
1 - Accumulation of polar anions inside the cell. These are responsible for 
inhibiting some enzymes of cellular metabolism. The inhibited enzymes will depend on the 
formed anion (Viola & Vieira, 2007). 
2 – Acidification of the intracellular medium due to the accumulation of protons. 
The reduction of pH causes an imbalance in biological processes, inhibiting the enzymatic 
reactions and becoming the cellular environment unsuitable for growth and multiplication of 
the microorganism. To maintain homeostasis, occurs the pumping of protons to the external 
medium, dissipating the energy that should be used to transport nutrients, transport of amino 
acids and phosphates, growth, among other processes of cellular metabolism; 
3 – The accumulation of ions contributes to increase the osmotic pressure and to 
initiate compensatory mechanisms of electric charge, causing an increase in sodium and 
potassium levels. The salts increase the intracellular ionic strength and raise the mechanical 
pressure on the microorganism. 
Additionally, several factors can influence in the antimicrobial activity of the organic 
acid, such as: the size and degree of polarity of the molecule, because it will determine the 
ability to cross the membrane; the dissociation constant (pKa), the higher the pKa value, 
greater the chance of being in its non-dissociated form and, consequently, being able to cross 
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the membrane (Busta & Foegeding, 1993); the spectrum of antimicrobial activity, 
determining the groups of microorganism against which acid will have activity (bacteria, 
molds and / or yeasts) (Partanen & Mroz, 2017). 
Thus, it is more advantageous to use a mixture of organic acids with different pKa, to 
preserve the seafood, than an acid alone. A mixture of organic acids will ensure that they 
dissociate at different pHs, contributing to a synergistic effect (Walsh et al., 2007). 
Although the antimicrobial action is due to pH reduction, it is reported that some 
microorganisms have mechanisms of adaptation and resistance to the acid environment 
(Merrell & Camilli, 1999). Foster (1999) and Merrell & Camilli (1999), 1999 report that 
Escherichia coli and Salmonella typhimurium were able to develop an adaptation mechanism 
when exposed to a low pH, these bacteria induced the expression of numerous proteins, 
promoting their survival. According to Russell (1992), microorganisms that allow 
intracellular pH reduction are more resistant to organic acids when compared to 
microorganisms that try to maintain a neutral intracellular pH. 
 
5.2. Antioxidant activity of organic acids 
 
Ascorbic and citric acid are reported as chelating agents of transition metals, such as 
copper, iron and other metals present in trace elements in the seafood matrix. Thus, these 
acids act as pro-oxidant agents, capturing the transition metals present in the medium and 
making them unavailable to act as oxidation propagators (Ashie et al., 1996; Pedrosa-
Menabrito & Regenstein, 1990). Moreover, ascorbic acid, for being an excellent oxidant, is 
able to be oxidized in preference to the food, obtaining oxidate forms relatively stable and 
non-reactive (monodehydroascorbic and dehydroascorbic). 
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Additionally, citric, ascorbic and lactic acid are reported as synergistic agents, 
increasing the activity of primary antioxidants when used in appropriate combination with 
them (García-Soto, Sanjuás, Barros-Velázquez, Fuertes-Gamundi, & Aubourg, 2011; Rey, 
García-soto, Fuertes-gamundi, Aubourg, & Barros-velázquez, 2012). 
 
5.3. Use of organic acids in seafood   
 
Organic acids and their salts have been applied in seafood alone or in combination 
with another acid (García-soto, Aubourg, Calo-mata & Barros-velázquez, 2013; García-Soto, 
Fernández-No, Barros-Velázquez & Aubourg, 2014; Kin et al., 2011; Rey et al., 2012; 
Waliszewsky & Avalos, 2001), and even with the combination with different technological 
processes (essential oils, modified atmosphere and vacuum packaging) (Manju, Jose & Gopal, 
2007; Metin, Erkan, Varlik & Aran, 2001; Schirmer et al., 2009).  
Overall, these additives are usually prepared in the form of an aqueous solution in the 
range of 0.05 to 2.5 %. Subsequently, the application in the seafood can be carried out by an 
immersion treatment, with an average time of 10-15 minutes, followed by the stage of 
drainage and packaging of the product; or the solution can be used for ice preparation, and 
subsequently the seafood are storage under alternate layers of ice. Several authors have 
realized studies of organic acids to verify antimicrobial and antioxicity activity in seafood, as 
well as to study the potential inhibition of melanose in crustaceans. The study are present in 
Table 6.  
Acids have been reported for their antimicrobial efficiency against foodborne 
pathogens, such as Bacillus spp., Clostridium spp., L.monocytogenes, P. aeruginosa., S. 
enterica and typhimurium., S. aureus and E. coli. ( Alakomi et al., 2005; Erkmen & Bozoglu, 
2016; George, Richardson & Peck, 1996; Graham & Lund, 1986; Halstead, Rauf, Moiemen 
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& Bamford, 2015; Olaimat et al., 2017; Pundir & Jain, 2011; Rhee, Lee, Dougherty & Kang, 
2003; Ryssel, Kloeters, Germann & Scha, 2009; Xiong, Xie & Edmondson, 1999; Young & 
Foegeding, 1993). 
Schirmer et al. (2009) when comparing the antimicrobial activity of organic acids, 
report that acetic acid was more efficient in reducing the bacteriological count in fresh salmon 
when compared to citric acid. The authors report that during fish storage, the pH of the feed 
tends to increase to values between 5.7-6.1, in this pH range, the relative amount of 
undissociated acetic acid (pKa = 4.75) tends to be greater than citric acid (pKa = 3.1), making 
it more efficient.  
Similar results were obtained by Sallam (2007a), who reported the following order of 
antimicrobial efficiency: sodium acetate > sodium lactate > sodium citrate, at a concentration 
of 2.5% in refrigerated sliced salmon. Probably, the results obtained by Sallam (2007a) should 
also be justified by pKa of acids, with pKa of lactic acid being 3.08 (Lindsay, 2008). 
Crozier-Dodson, Carter, & Zheng (2004) report that the antimicrobial efficacy of acids 
is also influenced by acid concentration, pH, temperature and molarity. Sorrells, Enigl, & 
Hatfield (1989) have shown the inhibition of L. monocytogenes as a function of pH of the 
medium, noting that at a pH of up to 4.4, citric acid was the most efficient inhibitor of the 
pathogen, compared to lactic and acetic acid; in the pH range between 4.4-4.6 lactic acid was 
the most efficient in inhibition and between 4.8-5.0, acetic acid is the main inhibitor. 
In relation to the antioxidant activity, organic acids and their salts are reported by the 
ability to suppress the formation of primary and secondary lipid oxidation compounds in 
seafood (Manju et al., 2007; Sallam, 2007a). 
Pourashouri, Shabanpour, Aubourg, Rohi, & Shabani (2009) report that the use of 
ascorbic or citric acids in frozen catfish fillets (Silurus glanis) resulted in increased rancid 
stability, with reduction in peroxide values (PV) and Thiobarbituric Acid Reactive Substances
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Table 6.  Preservative activity of organics acids in its salts in seafood. 
Acids  App.
1
 Seafood Species Results obtained Reference 
Citric (1.25 g L
-1




Ice European hake (Merluccius 
merluccius) and Megrim 
(Lepidorhombus whiffiagonis) 
Antimicrobial activity, lower K 
values and TMA. Enhancement of 
sensory scores 
García-Soto et al. (2014)   
Citric (0.075/0.125/0.175 %) and 
Lactic (0.050 %) Acid 
Ice European hake (Merluccius 
merluccius) 
Antimicrobial activity, lower TMA 
values and fluorescent compound 
formation. Enhancement of sensory 
scores  
García-soto et al. (2013)  
Ascorbic, Citric and Lactic (0.04  
and 0.08 %) Acid 
Ice Hake (Merluccius 
merluccius); Megrim 
(Lepidorhombus whiffiagonis) 
and  Angler (Lophius 
piscatorius) 
Antimicrobial activity lower TMA 
values and enhancement of sensory 
scores 
Rey et al. (2012)  
Citric, Ascorbic and/or Lactic 
(0.05 % / each solution) 
Ice Mackerel (Scomber scombrus) Antimicrobial activity and lower 
TMA and TVB values 
Sanjúas-Rey et al. (2012) 
Citric, Ascorbic and/or Lactic 
(0.05% / each solution) 
Ice Blue whiting (Micromesistius 
poutassou) 
Antimicrobial activity and 
enhancement of sensory scores 
Sanjuás-Rey et al. (2011) 
Potassium salts (Acetate and 
Lactate) (0.25 – 1.5 %) 
Mar. Catfish fillets Antimicrobial activity and 
enhancement of sensory scores 
Kin et al. (2011) 
Ascorbic, Citric and Lactic (0.04 
and 0.08 %) 
Ice Hake (Merluccius 
merluccius); Megrim 
(Lepidorhombus whiffiagonis) 
and  Angler (Lophius 
piscatorius) 
Antioxidant activity García-Soto et al. (2011)  
Caffeic Acid (0.1 – 0.01 %) Sur. Cod muscle Antioxidant activity  Larsson & Undeland, 
(2010)  
Tanic and Ferulic Acid   Horse Mackerel Antioxidant activity Maqsood & Benjakul, (2010)  
Citric acid (3%) or Acetic acid 
(1%) 
 Salmon Antimicrobial activity and 
enhancement of sensory scores 
Schirmer et al. (2009) 
Ascorbic (0.5 %) or Citric acid 
(0.5 %) 




App: forms of application: Ice = preparation of ice; Dip preparation by immersion; Mar. = marination; Sur. = inoculation on surface; Mix. = 
Mixture in the formulation of a product; Was = seafood washing. 
2
TVB:  Total Volatile Base Nitrogen; TMA: Triethylamine; PPO: Poliphenoloxidas.  
Acids  App.
1
 Seafood Species Additional Treatament
2
 Reference 
Ferulic Acid  (1 and 2 %) Dip Pacific white shrimp 
(Litopenaeus vannamei) 
Antioxidant and Antimicrobial 
activity, inhibition of PPO, Lower 
TVB and enhancement of sensory 
scores 
Nirmal & Benjakul, 
(2009b)  
Ascorbic acid (0.1 %) and Citric 
acid (1 %) 
Dip Spiny dogfish fillets Antimicrobial activity, lower TMA 
and TVB formation and 
enhancement of sensory scores  
Şengör et al. (2007)  
Sodium Acetate (2 %) Dip Pearlspot (Etroplus 
suratensis) 
Antioxidant and Antimicrobial 
activity, low TVB and TMA. 
Enhancement of sensory scores 
Manju et al. (2007) 
Sodium Acetate, Sodium Lactate 
or Sodium Citrate (2.5 % / each) 
Dip Salmon Antioxidant and Antimicrobial 
activity 
Sallam, (2007a) 
Sodium Acetate, Sodium Lactate 
or Sodium Citrate (2.5 % / each) 
Dip Salmon Reduction in K value, hypoxanthine 
concentration, low TVB and TMA 
values 
Sallam, (2007b) 
Citric acid (0.5 %), ascorbic acid 
(0.5 %) and acetic acid (0.05 N) 
Dip Shrimp (Parapenaeus 
longirostris) 




Lactic Acid   Dip Sardine (Sardina pilchardus) Antimicrobial activity Gogus, Bozoglu & 
Yurdugul, (2006 ) 
Ascorbic Acid, Citric Acid and 
Kojic Acid (0.5 % / each) 
Dip Prawns (Penaeus japonicus). Inhibition of melanosis Montero et al. (2001) 
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(TBARS) when compared to the control. In addition, ascorbic acid was the most efficient 
antioxidant when compared to citric acid. Probably, because ascorbic acid acts as transition 
metal chelator and a potent antioxidant, oxidizing in preference to the food; while the citric 
acid just acts chelating metal ions. 
Moreover, Sallam (2007b) reports the antioxidant efficiency only for sodium acetate 
and sodium citrate in refrigerated sliced salmon, with no significant reduction in PV and 
TBARS values for sodium lactate. Possibly, because sodium lactate is used only to enhance 
the antioxidant effect of other compounds, acting only in synergism and not alone.  
Several authors reports an increase in microbiological and/or antioxidant inhibition 
when combined with other acids or compounds (cinnamaldehyde, CO, among others) (García-
soto et al., 2013; García-Soto et al., 2014; Manju et al., 2007; Metin et al., 2001; Schirmer et 
al., 2009). In a mixture of natural additives, all compounds providing complementary 
preservative properties (antioxidants and antimicrobials), extending product shelf life. In 
addition, the synergistic effect of a mixture of organic acids is in part related to the different 
pKa of the acids, contributing to the preservation of the product. 
Some authors demonstrate that the combination of a mixture of organic acids in 
besides to maximizing the antimicrobial and antioxidant effects, also improved the sensorial 
attributes. Kin et al. (2011) report that combinations of potassium salts (acetate and lactate) 
have increased the sensory acceptability of fried catfish fillets; while Kim & Hearnsberger 
(1994) reported that combinations of sodium acetate, potassium sorbate and lactic acid or only 
1.00% sodium acetate improved odor and appearance after 13 days of storage. Probably, the 
lower rancid odor and bacteriological inhibition, should contribute to a product with longer 
shelf-life and, consequently, a better sensory acceptance results. 
In relation to the inhibition of melanose in crustaceans, the main preservatives used are 
sulfites and their derivatives, however, such compounds are known to cause allergic reactions 
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and serious disturbances in asthmatic individuals (DeWitt, 1988). Therefore, natural additives 
have been studied as substitutes for sulfation agents, such as kojic acid (Chen, Wei, & 
Marshall, 1991), ascorbic acid and citric acid (Montero, Lopez-Caballero, & Perez-Mateos, 
2001). 
Kojico acid is a product derivative of the metabolism of various fungi species, 
especially Aspergillus and Penicillium (Kinosita & Shikata, 1964; Parrish, Wiley, Simmons, 
& Long, 1966). It is capable of inhibiting melanosis by interacting irreversibly with the 
quinones ( Montero et al., 2001).  
Citric and ascorbic acid are reported by chelating copper ions, which is part of the 
structure of the enzyme tyrosinase, blocking enzyme activity and consequently, inhibiting the 
enzymatic browning. Additionally, pH reduction also favors the inhibition of tyrosinase 
enzyme activity, contributing to the synergistic effect of acids. Lactic acid probably acts by 
reducing the pH of the medium. 
Although these acids are able to inhibit melanose in crustaceans, Montero et al. (2001) 
report that 4-hexylresorcinol was more efficient than ascorbic acid, citric and lactic, when 
evaluated individually. However, the authors suggest that the combination of 4-
hexylresorcinol with some of the acids demonstrating the better inhibiting effect of melanose 
and, moreover, contribute to inhibit microbial growth. 
 
5.4. Use of promising organic acids in seafood  
 
In recent years, promising acids as antimicrobial and antioxidants agents and 
melanosis inhibitors have been studied in Seafood. Caffeic, ferulic, gallic, tannic and 
chlorogenic acids are phenolic compounds naturally found in the plant kingdom and of 
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extreme importance to the human diet due to their ability to protect against oxidative damage  
(Halliwell, 2007). 
In foods, the antioxidant and inhibitory effect of melanosis on phenolic compounds is 
due to the ability of these compounds to transfer electrons or hydrogen atoms. In the first 
case, they act by chelating metal ions and free radicals, interacting via hydrogen bonding or 
hydrophobic interaction with proteins or at the active site of the enzyme. In the second case, 
they stabilize the radicals and originate to stable products, due to the resonance of aromatic 
ring (Shahidi et al., 2002). 
The antimicrobial action of phenols results from 3 mechanisms: (1) hyperacidification 
at the plasma membrane, this acidification must alter the structure and function of the 
membrane (change in load, intra- and extracellular permeability and physicochemical 
properties), which leads to pore formation and increased permeability, in the loss of cellular 
constituents and affecting the sodium and potassium ATPase pump; (2) inactivation of 
metabolic enzymes and (3) destruction of genetic material (Vattem, Lin, Ghaedian, & Shetty, 
2005; Vattem, Lin, Labbe, & Shetty, 2004). 
Several authors demonstrate the efficiency of phenolic compounds at low 
concentrations, in the order of ppm. Larsson & Undeland (2010) and Medina, Gallardo, 
Ginzález, Lois, & Hedges (2007) report the antioxidant efficiency of caffeic acid in fish at a 
concentration of approximately 50 ppm and 100 ppm, respectively. 
Maqsood & Benjakul (2010)  report the efficiency of ferric, tannic and caffeic acids at 
different concentrations, up to 100 ppm, presenting the following order of antioxidant 
efficiency in fish mince: tannic > caffeic > ferulic. This was coincidental with the higher 
antioxidant activity of tannic acid in vitro antioxidant assays and the lower ability of ferulic 
acid to chelate Fe
2+
. The capacity of antioxidant for chelating metals is strongly dependent on 
the number of hydroxylic groups in ortho-position.  
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Chlorogenic acid is an ester of caffeic acid and (L) -quinic acid, widely found in 
coffee, and recognized as safe for consumption. Noh et al. (2013) reported the effect of 
chlorogen against several bacterial strains: Pseudomonas aeruginosa, Escherichia coli, 
Salmonella typhimurium, Klebsiella oxytoca, Klebsiella aerogenes, Enterobacter cloacae and 
Streptococcus pyogenes at a MIC value greater than 5.31 μg mL
-1
. 
The gallic and ferulic acids presented MIC values of 500 and 100 μg mL
-1
 for P. 
aeruginosa, 1500 and 100 μg mL
-1
 for E. coli, 1750 and 1250 μg mL
-1
 for S. aureus and 2000 
and 1250 μg mL
-1
 for L. monocytogenes, respectively (Borges, Ferreira, Saavedra, & Simo, 
2013). 
Caffeic acid showed MIC values of 2.78 mM and 8.0 mM for E. coli, 1.39 mM for 
Lactobacillus rhamnosus; 2.78 mmol L 
-1
 for Salmonella typhimurium; 694 μmol L
-1
 for 
Staphylococcus aureus, 4.0 mM for Bacillus subtilis, 4.0 mmol L
-1
 for Pseudomonas syringae 
and 8.0 mmol L 
-1
 for Saccharomyces cerevisiae (Barber, Mcconnell, & Decaux, 2000; 




Natural preservatives demonstrate to ensure quality and safety of seafood, making 
them feasible and attractive alternatives for the food industry. With different mechanisms of 
action, the natural additives are shown to inhibit microbiological growth and lipid oxidation. 
Its preservative effects can be enhanced by the combination with other natural additivos and 
by reduction of atmospheric oxygen in the package (i.e. vacuum, ATM, oxygen absorbers), 
contributing to the synergetic effect. However, attention should be given mainly to the 
concentration of EO and EP used for seafood conservation, in order not not have an impact on 
the organoleptic characteristics, should be used in low concentrations. A wide range of natural 
additives can be studied and applied seafood, suggesting to evaluate the combinations that 
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best favor the conservation of seafood. In addition, new natural additives should be explored 
and evaluated for their potential preservative. For future studies, it is also suggested to 
evaluate safety studies, such as toxicological effects when in high concentrations, in order to 
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Chilled seafood is a highly perishable food, presenting a shelf life of only few weeks, which 
restricts the commercialization and impact on its economy. In this sense, alternatives have 
been studied for the extension of product quality, through the use of a wide range of 
preservatives with antimicrobials and antioxidants activity. The aim of the present work was 
to accomplish an experimental design with nineteen preservatives against seafood spoilage 
bacteria, in order to selecting of a mix of additivies potentially active as seafood preservatives 
and optimizing their concentration. For the study, 4 organic acids, 5 salts of organic acids, 1 
inorganic salt and 9 phenolics compounds, in different concentrations and mixtures, were 
evaluated. The Plackett-Burman Design (PBD) allowed the selection of variables whose 
interaction present a great influence on the inhibition of fish spoilage strains: 2 standard 
strains (Pseudomonas aeruginosa IAL 1853 e Pseudomonas fluorescentes ATCC 13525) and 
1 isolated strain of fish (Acinetobacter). The analysis of the main effects allowed the selection 
of five variables (potassium sorbate, tannic, caffeic, acetic and kojic acids) with significant 
synergetic effect on the response (reduction of well number). In a second PBD, the main 
effects analysis showed that only two preservatives (kojic acid and tannic acid) had a 
significant positive effect (P < 0.005), being chosen to optimize their concentration levels 
through a Central Composite Rotatable Design (CCRD). Caffeic and acetic acid did not 
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present significant statistical effect and their concentrations were fixed in the lowest 
concentration, that is, 0.007 % and 0.004 %, respectively. Potassium sorbate was removed of 
the preservative mix due to possible damages to consumer health. For the optimization of the 
concentration, three CCRDs were performed in sequence and, posteriorly, a Tukey test was 
carried out at the last CCRD. A Tukey test showed difference among the concentrations 
studied (P < 0.05) and the evaluation of the results (the results of greater inhibition of the pool 
of spoilage strains and lower concentration of preservatives) allowed to establish the 
concentration to be used in the mix of compounds. The preservative mix presented the 
following composition: acetic acid (0.004 %), caffeic acid (0.007 %), tannic acid (0.75 %) and 
kojic acid (0.50 %). Thus, it was possible to develop and optimize the composition of a mix 
preservative against fish spoilage strains. 
  
 








However, seafood is highly perishable product due to its biological composition, 
presenting a high level of humidity, pH close to neutrality and the abundant nutritional 
material (Gonçalves and Hernandèz, 1998; Tanamati et al., 2009). These factors contribute to 
its rapid deterioration through enzymatic and microbiological changes, which start 
immediately after capture and contribute to a reduction in shelf life (Doulgeraki et al., 2010; 
Doyle et al., 2003). 
Additionally, the rate of spoilage depends on the ambient temperature and 
hygienic-sanitary practices. That way, chilled storage is an ordinary preservation method used 
to maintenance the quality of seafood, with minimal change in the organoleptic characteristics 
of product. The refrigerated storage only delay the reactions, extending the shelf life for a few 
weeks (Gao et al., 2014).  
The short shelf life of chilled seafood restricts its commercialization and impact 
on economy, being a problem that still needs to be controlled. In this sense, alternatives have 
been widely studied for the extension the quality of product and the safety. Thus, one of the 
major challenges researchers and food processors consists on to satisfy the requirements of 
the consumer market, which search a safe food, minimally processed and with the preserve 
sensory characteristics (Duman et al., 2015). 
With this purpose, a wide range of food additives with antimicrobials and 
antioxidants activity have been studied, highlighting by facility of use and acquisition the 
organic and phenolic acids (Baptista et al., 2018). 
Phenolic acids are secondary plant metabolites, described by the presence of a 
carboxylic acid in its structure (Robbins, 2003; Herrmann, 1989). Essential oils, plant extracts 
and phenolic acids are naturally found compounds in the plant kingdom, representing a 
common constituent of the human diet (Robbins, 2003). 
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The organic acids and their sodium/potassium salts are widely used as food 
additives and can act as acidifying agents, acidity regulators, chelating agent, flavoring and 
preservative (Sahasrabudhe and Sankpal, 2001), the latter being favored by the reduction of 
the pH of the medium and the ability to chelate metal ions (Russell, 1992). The organic acids 
and their salts are widely available, high water solubility, low commercial value, generally 
recognized as safe and improve sensory attributes (Sallam, 2007). 
An alternative to increase the preservative action these additives is their use 
combined, in order to obtain a synergistic effect. A classical method for screening of a large 
number of parameters in combination is the use of Plackett-Burman Design. It is the most 
important method to identify the compounds that present a significant effect on the response 
variable (Rodrigues and Iemma, (2014). The selected parameters are further optimized by 
Central Composite Rotatable Design (CCRD) and the response surface method (RSM), which 
is an effective tool to determine the levels optimal of parameters studied (Rodrigues and 
Iemma, 2014). 
The aim of the present work was to realize an experimental design with nineteen 
preservatives against seafood spoilage bacteria, in order to selecting a mix of additives 
potentially active as seafood preservatives and optimizing their concentration.  
 




The additives used in the present study were kojico acid (Sigma-Aldrich, St. 
Louis, MO, USA), p-coumaric acid (Sigma-Aldrich, St. Louis, MO, USA), carvacrol (Sigma-
Aldrich, St. Louis, MO, USA), ascorbic acid (Dinâmica, Diadema, SP, Brazil), gallic acid 
(Dinâmica, Diadema, SP, Brazil ), tannic acid (Dinâmica, Diadema, SP, Brazil)), ferulic acid 
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(Sigma-Aldrich, St. Louis, MO, USA), caffeic acid (Merck KGaA, Darmstadt, Germany), 
chlorogenic acid (Inlab, Diadema, SP, Brazil), potassium sorbate (Dinâmica, Diadema, SP, 
Brazil), sodium citrate (Synth, Diadema, SP, Brazil ), sodium lactate (Dinâmica, Diadema, 
SP, Brazil), eugenol (Inlab, Diadema, SP, Brazil), citric acid (Synth, Diadema, SP, Brazil), 
lactic acid (Dinâmica, Diadema, SP, Brazil), acetic acid (Dinâmica, Diadema, SP, Brazil XX), 
sodium acetate (Dinâmica, Diadema, SP, Brazil), potassium lactate (Dinâmica, Diadema, SP, 
Brazil) and sodium chloride (Dinâmica, Diadema, SP, Brazil). The control was ampicillin 
(Sigma-Aldrich, St. Louis, MO, USA). 
 
2.2.Preparation of additives 
 
Most of the additives studied (n = 17) were dissolved in distilled water, with the 
exception of carvacrol and eugenol which were prepared by added of Tween-80 (1.0 % v/v), 
into the broth medium to enhance solubility. For some additives, it was necessary to use 
heated water and/or ultrasound. The detailed preparation of each compound is exemplified in 




2.3. Microorganisms  
 
The microbial strains used in the study were Pseudomonas aeruginosa (IAL 
1853), Pseudomonas fluorescens (ATCC 13525), and 1 isolated strain of fish (Acinetobacter). 
The strains were maintained at -80 °C, in 0.3 % glycerin (Labsynth, São Paulo, Brazil) with 












Solvent Heating Ultrasound 
Kojico Acid x1 Solid 0.24 Water No No 
P-coumaric acid x2 Solid 0.012 Water No Yes 
Carvacrol   x3 Solid 0.06 Tween No No 
Potassium Sorbate x4 Solid 2.4 Water No No 
Ferulic Acid x5 Solid 0.024 Water Yes No 
Caffeic Acid x6 Solid 0.024 Water Yes Yes 
Chlorogenic Acid x7 Solid 0.024 Water Yes Yes 
Tannic Acid x8 Solid 0.024 Water Yes No 
Gallic acid x9 Solid 0.024 Water Yes No 
Ascorbic acid x10 Solid 0.24 Water No No 
Sodium citrate x11 Solid 2.4 Water No No 
Sodium Lactate x12 Liquid 4.8 Water No No 
Eugenol    x13 Liquid 0.06 Tween No No 
Citric acid x14 Solid 0.024 Water No No 
Lactic acid x15 Liquid 0.028 Water No No 
Potassium citrate  x16 Solid 2.4 Water No No 
Sodium acetate x17 Solid 2.4 Water No No 
Acetic Acid x18 Liquid 2.4 Water No No 





For growth of strains Nutrient broth (KASVI, Roseto degli Abruzzi, Italy) and 
Nutrient agar [g per L:  5 g of peptone (Neogen, Michigan, USA), 3 g of beef extract 




2.3.2. Preparation of inoculum 
 
Initially, each bacterial strain were inoculated in 10 mL of Nutrient broth, 
following incubation at 30 ºC/24 h. After incubation period, the 10 mL were transferred to 50 
mL of nutrient broth/each strain and incubated at 30 ºC/24 h in shaker (120 rpm) (Series 25 
shaker/Incubator, New Brunswick Scientific). Each cultured broth were centrifuged at 5524 g 
for 5 min at 4 ºC (Sorvall Legend XTR, Thermo Scientific). Subsequently, the strains were 
grouped to form a pool, the pellet was washed  and centrifuged thrice. Then, it was 
resuspended with phosphate buffer saline. The centrifugation conditions were already 
previously mentioned. The inoculum concentration was adjusted to 8 log CFU g
-1
 in 
spectrophotometer (λ = 600 nm), using the previously obtained calibration curve (Absorbance 
versus log CFU g
-1
, this count being performed on nutrient agar). 
 
2.3.3. Determination of minimum inhibitory concentration  
 
The minimum inhibitory concentration (MIC) of Essential Oils was determined 
individually by broth microdilution method, (Clinical and Laboratory Standards Institute, 
2012, 2008) using a 96 well plate. Aliquots of 100 μL of sterilized medium were added. Then, 
200 μL of EO was added in the first well and subsequently serial dilution was performed to 
obtain a ratio of 1:1.5. Aliquots of 2 μL of suspension containing the pool of strains were 





Ampicillin (10 mg mL
-1
) (Inlab, Londrina, Brazil) was used as positive control of 
antimicrobian activity. The negative control consisted of nutrient broth and the 
microorganism. The inoculated 96 well-plates were then incubated at temperature and time 
previously informed. All these assays were carried out in triplicate. 
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The MIC was determined by quantitative resazurin-based colorimetric method 
Sarker, Nahar, & Kumarasamy (2007). After incubation, 30 μL of 0.01 % resazurin solution 
was added to each well of the 96 well-plates. Plates were incubated by more 3 hours and 
checked for color change from blue to pinkish red, which was considered negative. The 
lowest concentration resulting in no microbial growth (no color change) was noted as MIC, in 
this way it was possible to determine the equivalent concentration, in terms of antimicrobial 
activity, for all the compounds studied. 
 
2.4 Sequential Strategy to optimization 
 
For the selection of independent factors (additives) with significant effects against 
fish spoilage, initially, a Plackett-Burman Design was applied to a total nineteen independent 
factors, previously cited on topic 2.2., and obtained from a literature review previously 
performed. Plackett-Burman Design was realized according Rodrigues and Iemma, (2014). 
Each independent factors was investigated at a high (+1) and a low (-1) level, which 
represents two different concentrations. Initially, the minimum concentration was considered 
zero; while the maximum concentration was based on the study of the individual MIC value 
of each compound, since when combined, the reduction of the MIC value will be indicative of 
synergistic effect. In addition, three repetitions in the central point were realized to estimate of 
the pure error and evaluate the process repeatability. From a practical point of view this aids 
in verifying if the process under study is under control. Another extremely important fact for 
performing trials at the central conditions (0) is that the definition of the lower (-1) and upper 
(+1) limits may not be the most suitable. 
The answer value was the minimal concentration inhibitory, analysis as 
previously mentioned on topic 2.3.3. The experiment was carried in triplicate. The student’s t-
test was performed to determine the significance of each factors employed. The independent 
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factors with a confidence level higher than 90 % were considered significant. Thus, their 
concentrations were readjusted to slightly higher levels and were reevaluated in a second 
Plackett-Burman Design. The Plackett-Burman Design was successively repeated until the 
obtained of a small number of independent factors (n = 2 or 3), whose concentration levels 
were optimized by the Central Composite Rotatable Design.  
The most significant factors previously selected in PBD, which influence on the  
answer, their concentrations were optimized through a Central Composite Rotatable Design 
and the analysis of the response surface. CCRD was realized according Rodrigues and Iemma, 
2014). Each independent factors was investigated by five conditions of concentration: the 
combining in the factorial points (-1 and +1), in the axial points (-α and + α) and central 
points (0).  The answers were carried in triplicate and their value represent the minimum 
inhibitory concentration. 
The concentrations of independent factors were progressively reevaluated and 
readjusted to slightly higher levels, as soon as successive CCRD were realized, until the 
obtained of the optimal concentrations of the studied factors. For validation of the model, a 
true triplicate was performed for the last CCRD. The results were evaluated by test of Tukey, 
the 95 % confidence. Thus, it was possible determine the lowest concentration of the 
preservative mix that present the highest efficiency reduction of the minimum inhibitory 
concentration. 
Figure 1 represents the strategy performed for the Optimized Experimental Design 
of the present work. Initially, two Plackett Burman Design were conducted in sequence, 
according to the selection of significant factors. Following the analysis of the main effects, a 





Figure 1. Sequence strategy for MIX optimization of preservatives. 
1º DOE: 1º PBD – 24 Trials + 3 Central 
Poin (CP) 
 
2º DOE: 2º PBD – 12 Trials + 3 CP 
 
3º DOE: 1º CCRD – 2 Variables 
 
4º DOE: 2º CCRD – 2 Variables 
 
5º DOE: 3º CCRD – 2 Variables 
                                                                                                 Validation                  
 
2.5. Statistical Analysis  
 
The statistical analyses were carried out using the software Protimiza 
Experimental Design, (experimental-design.protimiza.com.br). The program was used to 
obtaining of analysis of variance (ANOVA), and the significance of the data was determined 




3. Results  
 
3.1. Screening of significant factors affecting the spoilage fish 
 
Initially, it was evaluated the influence of 19 factors on the inhibition capacity of 
growth of Pseudomonas aeruginosa (IAL 1853), Pseudomonas fluorescens (ATCC 13525), 
and 1 isolated strain of fish (Acinetobacter). Thus, a design of the Plackett-Burman type 
screening was carried out with 24 assays and 3 replicates at the central point. In the 
experiment, three conditions of concentration were evaluated for each additive. The matrix 




As shown in Table 3, it is possible to observe the levels evaluated for each 
independent factor, which was initially based on the Minimum Inhibitory Concentration of 
each compound alone. The response was evaluated by the number of the well able of 
inhibiting the spoilage strains poll.  
According to the results, the number of wells ranged from 0 to 3. At 95 % 
confidence level, it was possible to observe that: (a) 12 compounds had no significant effects 
in inhibiting the growth of a pool of strains; (b) 2 compounds (gallic acid and carvacrol) had a 
negative effect, that is, the increase in their concentration reduced the antimicrobial action and 
(c) only 5 compounds (kojic acid, potassium sorbate, caffeic acid, tannic acid and acetic acid) 
showed a significant synergistic activity, being pre-selected and re-evaluated in a second 
PBD.  
The factors that did not shown a significant effect and that showed a negative 
effect on the response factor were removed from the next PBD. The independent factors with 
positive effect (i.e. x1, x4, x6, x8 and x18) in inhibition of the pool of fish spoilage strains 
were re-evaluated in a 2nd PBD of 12 factors and 3 central points.  
Similarly to the 1st PBD, in the second experiment the factors were also evaluated 
in 2 concentration levels and the central point (Table 3). The levels were readjusted to slightly 
higher values, however, ensuring that the new range studied had a portion of the concentration 
previously evaluated in the 1st PBD. Therefore, in the 2nd PBD, the -1 level corresponded to 
the concentration of the central point previously used in the 1st PBD. Caffeic acid was the 
only preservative whose concentration range was not altered, since the limit of solubilization 
of the compound had been reached. Thus, the concentration of caffeic acid was maintained 
that previously studied in the 1st PBD. The obtained results are presented in Table 3.    
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Table 2. Matrix level of the 1st Plackett-Burman Design. 
Trials x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12 x13 x14 x15 x16 x17 x18 x19 
1 1 -1 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 -1 1 1 -1 1 -1 
2 1 1 -1 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 -1 1 1 -1 1 
3 1 1 1 -1 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 -1 1 1 -1 
4 1 1 1 1 -1 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 -1 1 1 
5 1 1 1 1 1 -1 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 -1 1 
6 -1 1 1 1 1 1 -1 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 -1 
7 1 -1 1 1 1 1 1 -1 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 
8 -1 1 -1 1 1 1 1 1 -1 -1 -1 -1 1 -1 1 -1 -1 1 1 
9 1 -1 1 -1 1 1 1 1 1 -1 -1 -1 -1 1 -1 1 -1 -1 1 
10 1 1 -1 1 -1 1 1 1 1 1 -1 -1 -1 -1 1 -1 1 -1 -1 
11 -1 1 1 -1 1 -1 1 1 1 1 1 -1 -1 -1 -1 1 -1 1 -1 
12 -1 -1 1 1 -1 1 -1 1 1 1 1 1 -1 -1 -1 -1 1 -1 1 
13 1 -1 -1 1 1 -1 1 -1 1 1 1 1 1 -1 -1 -1 -1 1 -1 
14 1 1 -1 -1 1 1 -1 1 -1 1 1 1 1 1 -1 -1 -1 -1 1 
15 -1 1 1 -1 -1 1 1 -1 1 -1 1 1 1 1 1 -1 -1 -1 -1 
16 -1 -1 1 1 -1 -1 1 1 -1 1 -1 1 1 1 1 1 -1 -1 -1 
17 1 -1 -1 1 1 -1 -1 1 1 -1 1 -1 1 1 1 1 1 -1 -1 
18 -1 1 -1 -1 1 1 -1 -1 1 1 -1 1 -1 1 1 1 1 1 -1 
19 1 -1 1 -1 -1 1 1 -1 -1 1 1 -1 1 -1 1 1 1 1 1 
20 -1 1 -1 1 -1 -1 1 1 -1 -1 1 1 -1 1 -1 1 1 1 1 
21 -1 -1 1 -1 1 -1 -1 1 1 -1 -1 1 1 -1 1 -1 1 1 1 
22 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 -1 1 1 -1 1 -1 1 1 
23 -1 -1 -1 -1 1 -1 1 -1 -1 1 1 -1 -1 1 1 -1 1 -1 1 
24 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 
25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 




Table 3. Coded levels of the 1st and 2 nd Plackett-Burman Design and the main effects of each independent variable resulting from the ability to 
inhibit a pool of fish spoilage strains. 
   
1
st
 DOE - PBD24 2
nd
 DOE - PBD12 
Code Factors Unit -1 0 1 Effect p-value -1 0 1 Effect p-value 
 
Média % 
   
1,63 0,0000 




   
-1,92 0,0121 
   
0,52 0,2778 
x1 Ac. kojico (x₁) % 0 0,05 0,1000 1,08 0,0009 0,05 0,125 0,2000 1,05 0,0007 
x2 p cumarico (x₂) % 0 0,00335 0,0067 0,08 0,6597 Removed 
  
x3 carvacrol (x₃) % 0 0,0015 0,0030 -0,42 0,0599 Removed 
  
x4 sorbato de pot (x₄) % 0 0,25 0,5 0,75 0,0059 0,25 0,5 0,75 -0,18 0,3826 
x5 ac ferrulico (x₅) % 0 0,0065 0,013 0,08 0,6597 Removed 
  
x6 ac.  Cafeico (x₆) % 0 0,0065 0,013 0,42 0,0599 0,0065 0,00975 0,013 -0,15 0,4714 
x7 ac. Clorogenico (x₇) % 0 0,0065 0,013 0,25 0,2143 Removed 
  
x8 Ac. Tanico (x₈) % 0 0,0625 0,125 0,58 0,0177 0,0625 0,10625 0,15 2,05 0,0000 
x9 Ac. Galico (x₉) % 0 0,00065 0,0013 -0,58 0,0177 Removed 
  
x10 Ac ascorbico (x₁₀) % 0 0,022 0,044 -0,25 0,2143 Removed 
  
x11 citrato de sodio (x₁₁) % 0 0,625 1,25 -0,08 0,6597 Removed 
  
x12 Lactato de sodio (x₁₂) % 0 0,25 0,5 0,08 0,6597 Removed 
  
x13 Eugenol (x₁₃) % 0 0,0075 0,015 -0,25 0,2143 Removed 
  
x14 Acido citrico (x₁₄) % 0 0,0095 0,019 0,08 0,6597 Removed 
  
x15 Acido latico (x₁₅) % 0 0,008 0,016 0,25 0,2143 Removed 
  
x16 
citrato de potassio 
(x₁₆) 
% 0 0,625 1,25 -0,08 0,6597 Removed 
  
x17 acetato de sodio (x₁₇) % 0 0,96 1,92 0,25 0,2143 Removed 
  
x18 acido acetico (x₁₈) % 0 0,0039 0,0078 0,58 0,0177 0,004 0,008 0,012 -0,38 0,0895 




According shown in Table 3, it is possible to observe the results of the main 
effects of each independent factor in inhibiting the growth of a pool of fish spoilage strains. 
The main effects analysis showed that only two preservatives (kojic acid and tannic acid) had 
a significant positive effect (P < 0.005), being chosen to optimize their concentration levels 
through a Central Composite Rotatable Design. The compounds that did not present 
significant statistical effect had their concentrations fixed in the later stages of the design. 
Therefore, the factors of caffeic acid and acetic acid had their concentrations fixed at the 
lowest levels studied in the 2nd PBD, that is, the preservatives were fixed the concentrations 
of 0.007 % and 0.004 %, respectively, for the next design. With the exception of potassium 
sorbate, which we opted for its removal of the preservative mix, due to possible damages to 
consumer health.  
 
3.2. Optimization of the concentration of significant factors  
 
In the following steps, the factors kojic acid and tannic acid were selected for the 
realization of a CCRD with 11 factors, 5 conditions of concentrations and 3 repetitions in the 







 DOE. Their concentrations were readjusted to slightly higher values, 
however, maintaining a concentration range previously studied, in order to optimize the 
antimicrobianan activity of the mix (reduction of MIC value) (Table 4). The level matrix and 





































Unit % % % % % % 
-1,41 0.15 0.10 0.29 0.19 0.50 0.50 
-1 0.18 0.13 0.34 0.25 0.62 0.62 
0 0.25 0.20 0.45 0.40 0.75 0.75 
1 0.32 0.27 0.56 0.55 0.88 0.88 
1,41 0.35 0.30 0.61 0.61 1.00 1.00 
 
Table 4.1. Level matrix and the obtained results. 
   
Number of Wells (Mean of triplicates) 
Trials x1 x2 3rdDOE 4thDOE 5thDOE 
1 -1 -1 2.00 5.33 7.00 
2 1 -1 2.00 6.33 8.00 
3 -1 1 3.33 6.33 8.67 
4 1 1 4.00 6.67 9.00 
5 -1,41 0 3.00 6.00 9.00 
6 1,41 0 3.00 6.33 8.33 
7 0 -1,41 2.00 4.67 7.67 
8 0 1,41 4.00 6.67 9.00 
9 0 0 3.00 6.00 7.67 
10 0 0 3.00 6.00 8.33 














 In Table 5 the parameterized model was presented, containing only the codified 
significant factors, the non-significant parameters were eliminated and added to the residue. 
The equation describes the number of wells predicted by the model. In the analysis of 
variance (ANOVA) for 3
rd 
DOE, at 5 % confidence level, we can verify that the F calculated 
of the regression/residue was superior to the F tabulated (2.93), indicating that the regression 
was significant. In addition, we obtained a value of R
2
 = 92.1 %, demonstrating that the model 
was adequate to explain the behavior of the factors versus the number of wells, allowing the  
construction of the response surface and contour curves (Figure 3). Analyzing the response 
surface, we observed that the conditions of greater inhibition of the number of wells is 
obtained in the concentration of the positive axial points (+1.41), demonstrating that the 
increase of the concentration leads to an increase in the efficiency of the response, making 
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Table 5. Parameterized model. 
 Coded Model 
2 




 DOE - 1
st
 DCCR Y₁ = 2.94 + 0.08 x₁ + 0.77 x₂ + 0.17 x₁ x₂ 2.81 124.9 2.93 
4
rd
 DOE – 2
nd
 DCCR Y₁ = 6.0 + 0.23 x₁ + 0.15 x₁² + 0.52 x₂ - 0.10 x₂² - 0.17 x₁ x₂ 2.91 5.8 2.68 
5
rd
 DOE – 3
rd
 DCCR Y₁ = 8.11 + 0.05 x₁ + 0.19 x₁² + 0.57 x₂ + 0.03 x₂² - 0.17 x₁ x₂ 3.30 6.2  
*Values at 5 % significance 
R
2 






Table 6. ANOVA for the 1
st




   
 










Regression 14.74 3 4.91 124.85 0.0000 2.93 
Residuals 1.14 29 0.04 
  
 
Lack of fit 0.47 5 0.09 3.42 0.0180 2.62 
Pure error 0.67 24 0.03    
Total 15.88 32 




 = 92.81% 













Figure 3. Response surface and contour curve for the kojic acid and tannic acid of the 1st 
CCRD. 
 
In a 2nd CCRD, all factors were statistically significant, being used to obtain the 
equation of the model. The analysis of variance of the Table 7 was performed at a 5 % 
confidence level, the regression was highly significant (P  < 0.05), presenting a value of F 
calculated regression/residue > F tabulated (2.57).  
The value of R
2
 was 52.91 %, demonstrating the low ability to explain the model. 
This value is considered unsatisfactory for generation of a response surface and the contour 
curve. The low value of R
2




Table 7. ANOVA for the 2nd CCRD, on the ability to inhibit a pool of fish spoilage strains. 
Coded Model:  
    
 
Y₁ = 6 + 0,23 x₁ + 0,15 x₁² + 0,52 x₂ - 0,10 x₂² - 0,17 x₁ x₂ 
  
 
Fonte de variação SQ Gl QM Fcal p-valor Ftab 
Regression 8.81 5 1.76  5.83 0.0009 2.57 
Residuals 8.16 27 0.30 
  
 
Lack of fit  1.49 3 0.50 1.79 0.1759 3.01 
Pure error 6.67 24 0.28    
Total 16.97 32 




 = 52.91 %  
    
 
 
Therefore, since we do not have a frequency distribution and a normal curve, it is 
not possible to evaluate the efficiency and the robustness of the model. However, we aimed to 
study a higher concentration range in order to verify the stability in the number of wells. 
Table 8 presents the ANOVA for the 3rd CCRD, at 5 % confidence, the regression 
showed significant, presenting a value of (P  < 0.05) and a value of F calculated 
regressed/regression > F tabulated (6.16). However, the percentage of variation explained was 
very low, indicating that only 53.30 % of the variability of the response.  
Thus, the model is not statistically significant, and it is not possible to obtain the 
response surface. The low R
2
 value results from the low variability of the results. 
Table 8. ANOVA for the 3
rd
 CCRD, in the ability to inhibit a pool of fish spoilage strains. 
3rd CCRD 










F calculated p-value Ftab 
Regression 8.82 5 1.76 6.16 0.0006 2.57 
Residuals 7.73 27 0.29 
  
 
Lack of fit  2.84 3 0.95 4.64 0.0107 3.01 
Pure error 4.89 24 0.20    
Total 16.55 32 








Considering that the experiment of the 3
rd
 CCRD was performed in true triplicate, 
a validation was performed with the results obtained. The data were submitted to a Tukey test, 
at 5 % confidence level, to determine the optimum concentration. The results are presented in 
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Table 9. Tukey test showed difference significant (P < 0.05) between the treatments studied. 
In this way, we select the most efficient treatment in inhibiting the pool of spoilage strains, 
that is, the treatment that shows the highest number of wells with the lowest concentration of 
kojic acid, due to the cost of the preservative. Thus, at 5 % confidence, the treatment number 
5, which employs 0.5 % of kojic acid and 0.75 % of tannic acid proved to be the most 
efficient and economic. 
Table 9. Validation of optimal conditions obtained with third CCRD. 
Trials Replicates Average Group 
1 3 7.00 C 
2 3 8.00 ABC 
3 3 8.70 AB 
4 3 9.00 A 
5 3 9.00 A 
6 3 8.30 AB 
7 3 7.70 BC 
8 3 9.00 A 
9 3 8.10 AB 
*Different letters in the lines indicate statistical difference in the treatment by the Tukey test 




Plackett-Burman Design was used in the present study because it allows to 
evaluate a large number of factors simultaneously, with a reduced number of experimental 
trials (Ren et al., 2008). The Plackett-Burman Design allowed the selection of factors whose 
interaction has a great influence on inhibition of fish spoilage strains. The analysis of the main 
effects allowed the selection of five factors (potassium sorbate and the tannic, caffeic, acetic 
and kojic acids) with significant synergetic effect on the response (reduction of well number). 
In a 2nd PBD, the five pre-selected factors had their concentrations readjusted to 
slightly higher values. The new range allowed to evaluate if the increase of the concentration 
can result in a greater efficiency in the inhibition of the seafood spoilage strains. Analyzing 
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the main effects of the second PBD, we can observe that three additives did not show a 
significant effect on the response factors (P > 0.05): potassium sorbate, acetic acid and caffeic 
acid.  
Potassium sorbate is a synthetic additive widely used as a food preservative. It can 
be used as a substitute for nitrite in cured foods or on the surface of raw meats, to increase 
microbiological quality and safety (Zamora and Zaritzky, 1987). However, consumption of 
sorbic acid and its salts is associated with allergic reactions, causing irritation in the skin, eyes 
and respiratory system. Furthermore, sorbic acid and its salts have potential genotoxic and 
mutagenic effects on human lymphocytes (Mamur et al., 2012, 2010). Considering that this 
additive was not considered significant when analyzed in a 2
nd
 PBD and considering the 
possibility of risks to human health, this additive was removed from the composition of the 
mix of preservative and remain only with the other compounds pre-selected (kojico, tannic, 
caffeic and acetic acid). 
Caffeic acid and acetic acid have not been associated with risks to human health, 
so these factors remained in the formulation of the preservative mix and their concentrations 
were fixed at 0.007 % and 0.004 %, respectively, which represents the lowest level (-1 ) 
studied in the 2
nd
 PBD, which contributes to a reduction in the cost of formulating. 
Acetic acid has been shown to be a powerful antimicrobial, exhibiting activity 
against numerous microorganisms: Bacillus, Staphylococcus aureus, Pseudomonas, E. 
coli, Listeria, Salmonella and Campylobacter  (Bjarnsholt et al., 2015; Dan et al., 2012; 
González-Fandos and Herrera, 2014; Taylor, 1916). In food, the acetic acid can be use in the 
concentration range of 0.1 to 5 %. 
The antimicrobial action of acetic acid is result of the ability to reduce the pH of 
the medium, which is correlated with the pKa value of the additive (pKa = 4.75) (Schirmer et 
al., 2009). The undissociated form of acetic acid ensures its penetration into the microbial 
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cell, followed by its dissociation within the cytoplasm. Subsequently, a series of events 
contribute to its antimicrobial effect: (i) the accumulation of ions contributes to the increase of 
the osmotic pressure in the cell (ii) the anions inhibit some enzymatic activities and (iii) the 
proton accumulation results in the reduction of pH and, consequently, conditions unsuitable 
for microbial growth (Denyer and Stewart, 1998; Mead and Chopra, 1991; Russell, 1992).   
As expected, acetic acid has been shown to be the most efficient antimicrobial in 
seafood when compared with other organic acids (non-phenolic) and their sodium and 
potassium salts, such as: citric acid (pKa = 3.0), lactic acid (pKa = 3.08) and ascorbic acid 
(pKa = 4.17). The high pKa of acetic acid (pKa = 4.75) contributes to a greater amount of the 
compound in undissociated form, which allows to cross the plasma membrane (Lindsay, 
2008; Schirmer et al. (2009). 
Caffeic acid is naturally present in the plant kingdom. Caffeic acid is a 3,4-
hydroxycinnamic acid found in fruits, vegetables and herbs (Clifford, 1999). It is recognized 
as safe for human consumption and present health beneficial effects. It is able to reduce the 
risk of cardiovascular diseases, and has anti-inflammatory, antioxidant, antimicrobial and 
neuroprotective activities (Ban et al., 2006; Bonita et al., 2007; Chan and Ho, 1997; Chung et 
al., 2004; Tanaka et al., 1993).   
Moreover, in the 2 nd PBD, the kojic and tannic acids presented a P value < 0.05, 
indicating a significant effect on the response factors and, consequently, suggesting the 
evaluation of higher concentrations. Therefore, CCRD was used in later experiments. The 
CCRD is used in scheduling with a reduced number of factors (n ≤ 3) and allows the 
optimization of the system by performing sequential experiments. The most suitable 




Therefore, the present study showed that kojic and tannic acid highlighted as the 
factors with the greatest effect on the response factors (inhibition of fish spoilage strains). 
Similarly to the results of the present study, Maqsood & Benjakul (2010), demonstrated that 
tannic acid was the phenolic compound with the highest antioxidant and antimicrobial activity 
in fish mince when comparison with caffeic acid and ferulic acid. The compound with lower 
antimicrobial and antioxidant activity was ferulic acid. According to the authors, the 
antioxidant activity is strongly related to the number of hydroxyl groups in ortho position 
(Maqsood & Benjakul 2010). 
The antimicrobial activity of kojico, tannic and caffeic acid is due the presence of 
the phenol group, resulting of 3 mechanisms: (1) hyperacidification at the plasma membrane, 
this acidification must alter the structure and function of the membrane (change in load, intra 
and extracellular permeability and physicochemical properties), which leads to pore formation 
and increased permeability, in the loss of cellular constituents and affecting the sodium and 
potassium ATPase pump; (2) inactivation of metabolic enzymes and (3) destruction of genetic 
material (Vattem et al., 2005, 2004; kabir, 2014).   
The tannic acids is also recognized as safety to health, being allowed as food 
ingredient at a concentration range of 10-400 ppm (US Code of Federal Regulations, 2006). It 
is naturally present in tea, oak and coffe beans (Crozier et al., 2009; Wang et al., 2016) and 
present anti-mutagenic, anti-oxidative, antimicrobial, anti-allergic, antidiabetic and anticancer 
activities (Afaq et al., 2005; Chen et al., 2003; Erdelyi et al., 2005; Gensler et al., 1994; Kim 
et al., 2013; Scarbert, 1991). Therefore, the use of tannic and caffeic acid are interesting in the 
formulation of additives due the possibility to provide beneficial effects to consumer health 
and their antimicrobial effects against fish spoilage strains. 
Kojic acid is naturally found in products of Japanese origin such as miso, shoyu, 
sake, amazake, shouchu, and mirin (Burdock et al., 2001), resulting from the fermentative 
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metabolism of Aspergillus (Kinosita and Shikata, 1964; Parrish et al., 1966). According 
Kinosita et al. (1968), a Japanese populations consumes in average 103 mg day
-1
 of kojic acid, 
through the consumption of miso and soy sauce. Second Burdock et al. (2001), the 
consumption of kojico acid at normal levels in foods (40 mg mL
-1
) does not pose a risk to 
human health. 
In seafood, kojic acid has been evaluated as an inhibitor of melanosis on phenolic 
compounds. Kojic acid are excelentes chelating metal ions and free radicals, interacting via 
hydrogen bonding or hydrophobic interaction with proteins or at the active site of the enzyme. 
In the second case, they stabilize the radicals and originate to stable products, due to the 
resonance of aromatic ring (Shahidi et al., 2002).   
In the present study, for the optimization of the concentration of kojic and tannic 
acids, three CCRDs were performed in sequence, followed by validation of the results. In this 
way, we select the most efficient treatment in inhibiting the pool of spoilage strains, that is, 
the treatment that shows the highest number of wells with the lowest concentration studied. 
Thus, at 5 % confidence, the treatment number 5, which employs 0.50 % of kojic acid and 
0.75 % of tannic acid proved to be the most efficient and economic. The final composition of 
the preservative mix was composed by acetic acid (0.004 %), tannic acid (0.75 %), caffeic 
acid (0.007 %) and kojic acid (0.50 %).  
Among the pre-selected and optimized acids in the present study: kojic acid have 
been used to inhibit polyphenoloxidase (PPO) in lobster, white shrimp, and grass prawn 
(Montero et al., 2001). that 2 % acetic acid is able to reduce the incidence of Salmonella, the 
aerobic plate and coliform counts on pork cheek meat (Frederick et al., 1994) and 2% of 
acetic acid also was used to wash the skin of chicken, resulting in the prevented growth of E. 
coli, L. monocytogenes and Salmonella (Carpenter et al., 2011). Caffeic acid has been 
considered an excellent inhibitor of lipid oxidation, demonstrating activity in chilled horse 
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mackerel (Medina et al., 2007); frozen horse mackerel mince (Medina et al., 2009) and cod 
minced muscle (Larsson and Undeland, 2010), being efficient in inhibiting formation of 
peroxides and rancid odor at a concentrations in the range of 50-100 ppm.  
Similarly, tannic acid is effective in inhibiting lipid oxidation and the 
development of odors in fish sausages when used at a concentration of 0.02-0.04 % (Maqsood 
et al., 2012). Similarly, a concentration of 100 and 200 mg kg
-1
 of tannic acid has been shown 
to be effective as an antioxidant and antimicrobial in ground beef, catfish slices, sea bass and 
mackerel mince (Maqsood and Benjakul, 2011, 2010b, 2010c). According Taguri et al., 
(2004), tannic acid is able to reduce the bacterial psychrophilic count in fish, and to inhibit the 
growth of Salmonella spp. and Staphylococcus aureus. 
Therefore, considering that the present work demonstrated the synergistic effect of 
the 4 acids in combination against a pool of fish spoilage strains and considering that 
individually the four acids, selected and optimized in the present work, have already been 
evaluated by other authors and demonstrated excellent antimicrobial and antioxidant activity 
in protein matrices (Medina et al., 2007, 2009; Larsson and Undeland, 2010; Maqsood and 
Benjakul, 2011, 2010b, 2010c, 2012), we expected that the mix of preservatives may to 




The present work was able to develop a mix of preservatives capable of inhibiting a pool of 
fish spoilage strains (Pseudomonas aeruginosa, Pseudomonas fluorescens and Acinetobacter) 
by in vitro test. The preservative mix had the following composition: acetic acid (0.004 %), 
caffeic acid (0.0065 %), tannic acid (0.75 %) and kojic acid (0.50 %). The mix can be tested 
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4. DISCUSSÃO GERAL 
 
4.1. Consumo, percepção e práticas de segurança dos consumidores Brasileiros 
 
A maioria dos participantes demonstrou baixa frequência de consumo de pescado 
do mar, sendo menor que a recomendada pela FAO/WHO, o que sugere consumo de 1 a 2 
vezes por semana. Da mesma forma, os dados do presente estudo revelam que os 
consumidores com maior frequência de pescado (semanal) são provenientes das regiões Norte 
e Nordeste, quando comparados com as regiões Sul e Sudeste, 
Os resultados estão de acordo com os dados do IBGE (2016), que mostram que o 
consumo de pescado nas regiões Nordeste e Norte é mais que o dobro do consumo nas regiões 
Sul e Sudeste, quando analisados em kg / habitante / ano. Isso pode ser justificado pelo fato 
das regiões Nordeste e Norte serem grandes produtores de pescado, contribuindo para um 
produto de qualidade e menor preço, somado ao hábito de consumo da população. 
Adicionalmente, a região Sudeste foi positivamente relacionada ao consumo de pescado cru 
ou mal cozido, o que deve estar associado a uma tendência recente de maior consumo de 
preparações orientais, como o sushi e o sashimi. Os restaurantes de comida japonesa são 
populares no Brasil, especialmente no estado de São Paulo (Região Sudeste) (Paiva et al., 
2016). 
O estudo também demonstrou que a maioria dos participantes está familiarizada 
com os procedimentos básicos de higiene e apresentam atitudes que evitam a contaminação 
cruzada. No entanto, os entrevistados não apresentam um controle de temperatura adequado e 
parecem não identificar a temperatura ambiente como um fator para a multiplicação 
microbiana, ignorando a importância desse controle. Em relação à forma de consumo de 
pescado, 43,45% dos entrevistados afirmaram consumí-los cru ou mal cozido. Quanto às 
percepções de segurança, os participantes mostraram um baixo nível de conhecimento sobre 
os riscos associados ao consumo de pescado e mais de 50% dos participantes demonstram 
desconhecer todos os responsáveis pela segurança do produto. 
A análise MCA mostrou um grupo de participantes com alto nível de percepção 
de segurança em frutos do mar, sendo diretamente influenciado pela geração e pelo grau de 
escolaridade. Participantes jovens (até 23 anos) e aqueles que apresentam o nível de 
escolaridade até o ensino médio foram considerados grupos de alto risco quando comparados 
aos idosos (54-73 anos) e aqueles com pós-graduação. Os principais riscos apresentados pelos 
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grupos de alto risco foram relacionados ao controle de temperatura e a baixa percepção do 
risco. 
A geração mais velha (baby boomers e X) apresentou maior conhecimento sobre 
segurança alimentar e percepções de risco, provavelmente, devido à existência do curso na 
economia doméstica entre 1930-1970 (Junior, 2013). No presente estudo, a observação de 
práticas inadequadas de segurança em participantes mais jovens pode estar relacionada à falta 
de interesse no assunto. Embora os jovens tenham acesso a informação, atravpés de meios de 
comunicação (rádio, TV e internet), a busca pela informação depende do interesse do 
consumidor. Além disso, podemos citar a ausência do ensino da economia doméstica nas 
escolas e a conveniência da vida moderna, caracterizada pelo consumo de alimentos prontos 
ou refeições fora de casa, o que contribuiu para a falta de familiaridade com a segurança 
alimentar. problemas. 
Portanto, o presente estudo sugere a necessidade de um programa educacional 
sobre os riscos associados ao consumo de pescado e as práticas adequadas para sua 
manipulação, devendo ser direcionada aos jovens e aos consumidores com baixa escolaridade. 
A educação do consumidor é o elemento-chave para assegurar a percepção e julgamento 
adequados do risco, contribuindo para o desenvolvimento de uma cultura positiva entre os 
consumidores. 
 
4.2.  Estudo da ecologia microbiana de peixes nativos brasileiros durante armazenamento 
refrigerado 
 
No presente estudo, procurou-se identificar os Organismos Específicos da 
Deterioração (OED) de peixes nativos brasileiros (Pacu, Patinga e Tambacu) durante o 
armazenamento refrigerado e congelado. O sequenciamento das amostras demonstrou 
claramente que os OED dominantes foram P. fragi, B. thermosphacta, Acinetobacter, 
Acinetobacter johnsonii, Bacillus, Lactobacillus Plantarum, Kocuria e Enterococcus. 
P. fragi foi o deteriorador mais prevalente em todas as amostras de peixes 
analisadas sob armazenamento refrigerado e congelado. P. fragi apresenta atividade 
proteolítica e lipolítica, com grande heterogeneidade nos níveis de atividade (Ercolini et al., 
2010). Esta espécie está associada à produção de odores residuais da deterioração de frutos 
tropicais (uma mistura de ésteres etílicos de acetato, butirato e hexanoato) e compostos 
sulfidrílicos (Cann, 1974; Gillespie, 1981). Devido à abundância de P. fragi nas amostras, 
podemos esperar que esta espécie contribua significativamente para a deterioração dos peixes 
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estudados. P. fragi foi positivamente correlacionado com a concentração de taurina, sendo 
capaz de utilizar o aminoácido como fonte de carbono e nitrogênio para geração de energia. 
(Shimamoto e Berk, 1979) relatam que várias cepas de Pseudmonas spp. tem a enzima taurina 
piruvato aminotransferase capaz de catabolizar taurina e piruvato na formação de 
sulfoacetaldeído e alanina. 
Brochothrix thermosphacta também é relatado em peixes refrigerados sob 
aerobiose (Mikš-Krajnik et al., 2016; Nowak et al., 2012), sendo caracterizados pela produção 
de um odor suave e azedo. Neste estudo, B. thermosphacta foi positivamente correlacionado 
com a via metabólica do metabolismo de aminoácidos (FDR <0,05). Resultados semelhantes 
foram relatados por Dainty e Mackey (1992). Os autores relatam que B. thermosphacta foi 
responsável pela degradação dos aminoácidos da carne, especificamente valina, leucina e 
isoleucina, resultando nos seguintes compostos: ácidos isobutírico, isovalérico e 2-
metilbutírico, respectivamente. 
Acinetobacter spp. e Enterococus spp. são bactérias conhecidas da deterioração de 
peixes de água doce (González, César et al., 2001; Gram e Huss, 1996). Taučer-Kapteijn, 
Medema, & Hoogenboezem (2013) relataram que Enterococus spp. foram isolados de 
diferentes ambientes aquáticos. Além disso, esse microrganismo também pode estar presente 
no trato gastrointestinal, brânquias e superfície de peixes de água doce (Austin, 2002; Hatha, 
2002; Radu et al., 2003; Vivekanandhan et al., 2005). Acinetobacter é uma bactéria 
nutricionalmente versátil, sendo capaz de usar alguns aminoácidos e ácidos graxos como 
fontes de carbono. Dentro do gênero Acinetobacter, A. johnsonii foi o gênenro mais 
abundante nas amostras de peixes, sendo também relatado por outros autores (Dabadé et al., 
2015; Kozińska et al., 2014). No entanto, a baixa abundância de Acinetobacter e A. johnsonii 
sugere que eles contribuam para uma menor escala da deterioração. 
Enterococcus tem sido associado com ambientes aquáticos ou humanos infectados 
(Kusuda e Salati, 1999; Michel et al., 2007). Os Enterococos são considerados um 
deteriorador dos peixes, estando associados ao catabolismo dos carboidratos ao ácido lático 
(Dalgaard et al., 2003; Tomé et al., 2008). Quando presentes em matrizes de proteínas, eles 
têm a capacidade de degradar aminoácidos para aminas biogênicas, especialmente a produção 
de tiramina (Chong et al., 2011). Similarmente ao Acinetobacter, foi observada uma baixa 
variação para Enterococcus na matriz dos peixes estudados, indicando apenas uma 
contribuição adicional na deterioração. 
L. plantarum, Kocuria e Bacillus são relatados como relevantes para a flora do 
peixe, estando naturalmente presentes no intestino (Austin, 2006; Grayfer et al., 2014). L. 
247 
 
plantarum são espécies com alta atividade proteolítica e, em menor escala, contribuem para a 
degradação de ácidos graxos de cadeia curta (Ztaliou et al., 1996). As espécies de Kocuria 
podem ser isoladas de uma ampla gama de ambientes, incluindo o ambiente marinho 
(Jorgensen et al., 2001; Parlapani et al., 2017). 
Peixes de água tropical geralmente têm uma concentração ligeiramente maior de 
bactérias gram-positivas, como Bacillus e Lactobacillus, quando comparados a peixes 
temperados (Liston, 1980). Bacillus foram ambos identificados em espécies de peixes como 
no ambiente aquático (Popović et al., 2017; Rasheeda et al., 2017). Eles possuem alta 
atividade proteolítica e lipolítica, contribuindo para a deterioração do peixe. Além disso, 
Bacillus são relatados por sua atividade proteolítica e amilolítica. Em matrizes proteicas, elas 
são capazes de liberar proteases, degradando proteínas em aminoácidos (Liu et al., 2018; 
Zheng et al., 2011). No presente estudo, o gênero Bacillus foi positivamente correlacionado 
com a produção de todos os compostos orgânicos voláteis identificados (octanol, nonanal, 1-
hexanol e 2-etil-1-hexanol). 
 
4.3. Modelagem matemática do crescimento de Pseudomonas spp. e psicrotróficos em filés de 
pacu (Piaractus mesopotamicus) refrigerados 
 
A presente tese também buscou modelar uma equação capaz de predizer o 
crescimento de psicotróficos e Pseudomonas spp. em condições não isotérmicas, que podem 
simular o abuso de tempo e temperatura em filés de pacu. A validação de Pseudomonas spp. e 
o modelo de crescimento psicotrópico apresentou fatores de viés de 1,24 e 1,45 e acurácia de 
1,45 e 1,49, respectivamente. 
O fator de acurácia observado no presente estudo não mostrou uma excelente 
concordância entre os valores preditos e observados, no entanto, obtivemos valores 
relativamente próximos de um. O fator de polarização maior e próximo a um demonstra que o 
modelo é capaz de predizer o crescimento de Pseudomonas spp. e bactérias psicotróficas em 
filés de pacu refrigerados. Para um estudo de validade, espera-se que o fator de polarização 
seja maior que 1 para que o modelo possa estimar o prazo de validade do alimento antes que 
ocorra uma alteração organoléptica no produto; no entanto, a estimativa deve ser próxima de 1 
para evitar a eliminação de um produto adequado ao consumo (Zurera-Cosano et al., 2006). 
Os modelos previstos podem ser usados para auxiliar na tomada de decisão em 
relação à qualidade do produto comercializado. O presente estudo demonstrou que o modelo 
de crescimento previsto para Pseudomonas spp. e as bactérias psicotróficas podem ser 
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utilizadas como ferramenta de decisão na qualidade e segurança de bifes de pacu refrigerados 
em condições dinâmicas, entre 0 a 10 ºC. 
A análise de compostos não voláteis demonstrou que o armazenamento a 
temperaturas elevadas contribuíu para a rápida deterioração das amostras. Bifes de pacu 
armazenados a 10 °C mostraram uma maior degradação do ATP, levando à formação de 
cadeias de inosina e hipoxantina, marcadores conhecidos de deterioração em peixes (Wyss e 
Kaddurah-Daouk, 2000). 
Adicionalmente, as amostras armazenadas a 10 ºC apresentaram maiores 
quantidades dos aminoácidos valina, leucina, isoleucina, fenilalanina, alanina e taurina e 
menos teores de histidina, quando comparados aos filés de peixe armazenados a 0 °C. O 
aumento na concentração de aminoácidos é devido à hidrólise da matriz protéica, seja pela 
ação das enzimas teciduais ou pela atividade microbiológica. Em contraste, a baixa 
concentração do aminoácido histidina é resultante da descarboxilação do aminoácido 
histamina, proveniente da atividade de deterioradores (isto é, Morganella morganii, 
Klebsiella pneumoniae, Hafnia alvei, Pseudomonas putrefaciens e Clostridium perfringens 
(Chen et al. 1987; Marrow et al., 1991; Middlebrooks et al., 1988) O ácido acético também foi 
metabolizado na matriz do peixe, sendo exclusivamente associado à atividade dos seguintes 
microrganismos: B. thermosphacta, ácido láctico bacteriano, S. putrefaciens e P. 
phosphoreum (Gram et al., 2002; Macé et al., 2013; Nychas et al., 2008). 
 
4.4. Projeto experimental para seleção e otimização de uma mistura de aditivos como 
conservantes de frutos do mar 
 
No presente estudo, 19 conservantes de alimentos foram avaliados quando sua 
capacidade de inibir um conjunto de cepas de deterioração de peixes. Placket Burman design 
foi realizado em seqüência, a fim de selecionar compostos com efeito sinérgico positivo na 
variável resposta (redução do número de poços). Portanto, 5 compostos foram selecionados 
para a composição da mistura: sorbato de potássio e kojico, ácidos acético, tânico e cafeico. 
Em um PBD 2, os ácidos kójico e tânico demonstraram efeitos estatísticos significativos, 
sugerindo que o aumento da concentração resulta em maior inibição das cepas de deterioração 
dos peixes. Portanto, suas concentrações foram otimizadas através de CCRD sucessivas; 
enquanto as concentrações de ácidos acético e cafeico foram fixadas nos valores mínimos. O 




O ácido sórbico e seus sais têm potenciais efeitos genotóxicos e mutagênicos nos 
linfócitos humanos (Mamur et al., 2012, 2010). Considerando que esse aditivo não foi 
considerado significativo quando analisado em um segundo PBD e considerando a 
possibilidade de riscos à saúde humana, optou-se por remover este aditivo da composição da 
mistura de conservante e permanecer apenas com os demais compostos pré-selecionados 
(kojico, tanino, ácido cafeico e acético). Ácido cafeico e ácido acético não foram associados a 
riscos para a saúde humana, portanto essas variáveis permaneceram na formulação da mistura 
preservativa e suas concentrações foram fixadas em 0,007% e 0,004%, respectivamente, o que 
representa o menor nível (-1) estudado no segundo PBD, o que contribui para a redução do 
custo de formulação. A composição final da mistura conservante foi composta por ácido 
acético (0,004%), ácido tânico (0,75%), ácido caféico (0,007%) e ácido kójico (0,50%). 
Dentre os ácidos pré-selecionados e otimizados do presente estudo, os ácidos 
cafeico, tânico e acético já foram avaliados quanto a sua atividade antimicrobiana e 
antioxidante em matrizes de carne e pescado, demonstrando excelentes atividades. Enquanto o 
ácido kójico é usado para inibir a polifenoloxidase (PPO) em lagosta e camarão branco (Chen 
et al., 1991; Montero et al., 2001). 
O ácido acético tem sido usado para lavar carnes e produtos de carne (carne 
bovina, suína e de aves) (Mani-López et al., 2012). Segundo Carpenter et al. (2011), a 
lavagem da pele das aves com 2% de ácido acético resultou no crescimento evitado de E. coli, 
L. monocytogenes e Salmonella. Similarmente (Frederick et al., 1994) também mostrou que 
2% de ácido acético é capaz de reduzir a incidência de Salmonella, a contagem de placa 
aeróbia e coliformes em carne de bochecha de porco. 
O ácido cafeico tem sido considerado um excelente inibidor da oxidação lipídica, 
demonstrando atividade em carapau refrigerado (Medina et al., 2007); cavala congelado 
(Medina et al., 2009) e músculo de bacalhau picado (Larsson e Undeland, 2010). Os autores 
demonstraram que concentrações entre 50 e 100 ppm são eficientes na inibição da formação 
de peróxidos. O ácido caféico está naturalmente presentes em frutas, vegetais e ervas 
(Clifford, 1999), sendo reconhecido como seguro para consumo humano e apresenta efeitos 
benéficos à saúde, tais como: reduz o risco de doenças cardiovasculares e tem atividades anti-
inflamatórias, antioxidantes, antimicrobianas e neuroprotetoras (Ban et al., 2006; Bonita et al., 
2007; Chan e Ho, 1997; Chung et al., 2004). Tanaka et al., 1993). 
O ácido tânico apresenta atividade antioxidante e antimicrobiana a uma 
concentração de 100 e 200 mg kg
-1
, sua atividade têm sido relatada em carne moída, fatias de 
peixe-gato, robalo e cavala (Maqsood e Benjakul, 2011, 2010b, 2010c, 2012). Taguri et al. 
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(2004) relata que o ácido tânico é capaz de reduzir a contagem de bactérias psicrofílica em 
peixes e também alguns patógenos alimentares, como Salmonella spp. e Staphylococcus 
aureus. O ácido tânico está naturalmente presente no chá, no carvalho e no café (Crozier et 
al., 2009; Wang et al., 2016), sendo reconhecido como seguro para a saúde, além de 
apresentar atividades antitransgênica, antioxidante, antimicrobiana, antialérgica, antidiabética 
e anticancerígena (Afaq et al. ., 2005; Chen et al., 2003; Erdelyi e outros, 2005; Gensler e 
outros, 1994; Kim e outros, 2013; Scarbert, 1991). O composto é permitido como ingrediente 
alimentício em uma faixa de concentração de 10-400 ppm (Código dos EUA de 
Regulamentos Federais, 2006). e  
O ácido kójico é resultante do metabolismo fermentativo de Aspergillus (Kinosita 
e Shikata, 1964; Parrish et al. 1966), estando naturalmente presente nos produtos de origem 
japonesa, como miso, shoyu, sake, amazake, shouchu e mirin (Burdock et al., 2001). Segundo 
Kinosita et al. (1968), uma população japonesa consome em média 103 mg dia
-1
 de ácido 
kójico, através do consumo de miso e molho de soja. O consumo de ácido kojico a níveis 
normais em alimentos (40 mg ml
-1
) não representa um risco para a saúde humana (Burdock et 
al., 2001),. Em pescado, o composto tem sido avaliado como um inibidor da melanose em 
camarão. O composto apresenta capacidade para quelar íons metálicos e interagir com 
radicais livres, proteínas ou no sítio ativo da enzima. No segundo caso, estabilizam os radicais 
e originam produtos estáveis, devido à ressonância do anel aromático (Shahidi et al., 2002). 
Portanto, considerando que o presente trabalho demonstrou o efeito sinergético 
dos 4 ácidos em combinação contra um pool de cepas de deterioração de peixes e 
considerando que individualmente os quatro ácidos, selecionados e otimizados no presente 
trabalho, já foram avaliados por outros autores e demonstraram excelente atividade 
antimicrobiana e/ou antioxidante em matrizes proteicas (Medina et al., 2007, 2009; Larsson e 
Undeland, 2010; Maqsood e Benjakul, 2011, 2010b, 2010c, 2012). Esperasse que estes 
aditivos possam também apresentar atividade antimicrobiana in vivo, a fim de de garantir uma 




5. CONCLUSÃO GERAL 
 
A pesquisa realizada sobre as práticas de segurança e percepções dos 
consumidores de pescado do Brasil indicaram que os participantes apresentam um baixo 
controle da temperatura de conservação e uma baixa percepção do risco associado ao 
consumo de pescado. As taxas de percepção de risco foram diretamente influenciadas pelo 
nível de educação e a faixa etária dos participantes, o que demonstra a necessidade de um 
intervenção educacional para educar o consumidor sobre as práticas adequadas de 
manipulação e conservação, bem como para um conhecimento adequado do risco 
microbiológico associado ao consumo de pescado. A medida contribuirá para garantia da 
segurança alimentar, evitando que o alimento se torne um risco à saúde do consumidor.  
Na presente tese, também foi possível identificar os Organismos Específicos da 
Deterioração em filés de pacu, patinga e tambacu durante o armazenamento refrigerado e 
congelado. P. fragi foi o mais prevalente em ambos os estoques, seguido por B. 
thermosphacta, destacando-se como os principais deterioradores. Entre os principais SSOs, 
Bacillus spp. foi a única espécie positivamente correlacionada com os compostos voláteis 
estudados: 1-hexanol, nonanal, octenol e 2-etil-1-hexanol. Em relação aos compostos não 
voláteis, Pseudomonas spp. foi positivamente correlacionado com a produção de Taurina. 
Além disso, apresentamos um modelo capaz de predizer o crescimento de 
Pseudomonas spp. e bactérias psicotróficas em filés de pacu armazenados sob refrigeração, 
sob condições dinâmicas de temperatura. O modelo pode ser utilizado como uma ferramenta 
útil para a cadeia do pacu, como indústrias, estabelecimentos comerciais e armazéns, com o 
objetivo de auxiliar na tomada de decisão sobre a qualidade e segurança do comercializado 
quando sujeito a abusos de temperatura. 
A revisão da literatura sobre conservantes de pescadp demonstrou a existência de 
uma variedade de aditivos que podem ser utilizados pela indústria e pelo comércio como 
alternativas viáveis e atraentes para a conservação do produto. Os conservantes demonstraram 
diferentes mecanismos e forças de ação antioxidante e antimicrobiana, podendo ter seus 
efeitos potencializados pela combinação com outros aditivos naturais e pela redução do 
oxigênio atmosférico na embalagem (ou seja, vácuo, ATM, absorvedores de oxigênio), 
contribuindo para o efeito sinérgico. 
O último capítulo da tese foi capaz de desenvolver uma mistura de conservantes 
capazes de inibir um pool de cepas de deterioração de peixes (Pseudomonas aeruginosa, 
Pseudomonas fluorescens e Acinetobacter) pelo teste in vitro. A mistura conservante 
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apresentou a seguinte composição: ácido acético (0,004 %), ácido cafeico (0,007 %), ácido 
tânico (0,75 %) e ácido kójico (0,5 %). A mistura pode ser testada in vivo (aplicação de 
peixe), com a capacidade de prolongar o prazo de validade. 
Deste modo, a presente tese demonstra a importância das boas práticas higiênico 
satinária e o emprego da tecnologia do frio (refrigeração e/ou congelamento) e sua 
manutenção, na cadeia produtiva, a fim de assegurar a qualidade e a segurança de peixes. 
Adicionalmente a esses fatores, tecnologias alternativas podem ser empregadas para obtenção 
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Anexo 1. Autorização do SisGen para acesso ao patrimônio genêtico, a ser 









Anexo 2. Autorização do SisGen para envio de amostra para o exteior, referente 








Anexo 3. Autorização do SisGen para acesso ao patrimônio genêtico, a ser 
estudado no artigo: ''Mathematical modeling of growth of Pseudomonas sp. and 














Anexo 5. Autorização da do SisGen para o artigo ‘’Selection and optimization of 





Anexo 6. Autorização da Plataforma Brasil para divulgação de um questionário 
nas redes sociais, referente ao artigo: ‘‘Consumption, perception and safety practices of 
Brazilian Seafood consumers’’.  
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